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INTRODUCTION 


Why on Earth is man in space? The question is not 
facetious. More and more people are legitimately ask- 
ing it. Among those most concerned are those whose 
responsibility it is to allocate the funds, to determine 
objectives and schedules, and to plan space missions. 
These judgments are vitally important to the National 
Aeronautics and Space Administration, where the 
question of man’s purpose and role in space is 
fundamental to the agen y’s functions. 

The past 10 years have been directed primarily 
toward the exploration of space and the development 
of systems that can support man in this new realm. In 
September 1969, a summary of long-range goals and 
objectives suitable for NASA’s activities during the 
I970’s and 1980’s entitled, “America’s Next Decades 
in Space,” was published by NASA as a portion of a 
leport for the President’s Space Task Group. As 
noted in that document, the emphasis during the next 
10 years in space may be expected to shift from 
exploration to utilization. 

The study discussed in this report, the Earth Orbital 
Experiment Program and Requirements Study, was 
undertaken to translate the objectives described in 
the above mentioned NASA publication into specific 
experimental and engineering requirements. The 
purpose of this undertaking was to provide informa- 
tion which can assist mission planners in solving the 
difficult problems of apportioning limited resources 
among an almost unlimited number of candidate 
long-range projects under constraints that can be 
expected to change from time to time. Priorities 
depend on changing political, economic, social, and 
technological factors. Long-range planning is desir- 
able, however, for the sound basis that it provides for 
ensuring that fiscal commitments are met and that 
required systems and components are available when 
needed. The course should be charted, but in such a 
way that modifications can be made along the way, 
and so that the impact that these changes have on the 
eventual accomplishments of the program can be 
realistically assessed. The study described in this 
report contributes to the information base required 
for the formulation of long-range plans, for the 
assessment of available choices, and for the examin- 
ation of how these choices will affect the end result 


and reflect the original intent. By so doing, the study 
also contributes to the planning flexibility necessary 
for revision of specific research activities as con- 
straints and objectives change. 

The results of this studv are available at a most 
appropriate time. They are the logical result of an 
incubation period that began with the first satellite 
flights. The exploratory developments of the past 
10 years in space stimulated serious, realistic con- 
sideration ot how best to utilize this new capability 
to man s advantage. The continuing growth of 
knowledge about actual conditions- knowledge 
collected through both manned and automated 
flights- has amended, shaped, and further developed 
that thinking. The advanced concepts for utilizing 
space that have resulted from that process have been 
documented in this study. The time is therefore ripe 
to reap the benefits of the first decade in space by 
using the fruits of that period in the effective 
planning of future missions. 

This study delineates the substance of a compre- 
hensive space research program to match the oppor- 
tunities now present. It furnishes the key to the 
benefits to be derived from space. It does not decide 
what benefits should be pursued, or even which are 
most desirable; but it does say that there arc 
benefits, it identities the research required to pursue 
them, and it tells how to do this research. It sets out 
the specific elements for obtaining a substantial 
return from the investment of time, effort, and 
money. 

BENEFITS TO BE DERIVED FROM SPACE 

Economic benefits are already being accrued from 
automated Earth orbital spacecraft. Communication 
satellites are providing global networks at a substan- 
tial saving over ground-based equipment. Meteor- 
ology satellites are gathering cloud-cover data on a 
global scale in support of improvements in the 
accuracy and range of weather forecasts. 

What other kind of benefits are available and what 
research will uncover them? Managing his resources 
has always been the key to man’s progress, and 


today it is becoming dramatically apparent on a 
planet-wide scale tnat only the proper management of 
resources, including control of pollution, can ensure 
man's continued survival on Earth. 

A crucial requirement in the proper management of 
Earth resources is a program to survey, inventory, and 
monitor the distribution and abundance of the 
world’s natural resources. The discipline of Earth 
Observations offers techniques to permit man to 
survey the resources of the globe. The field of remote 
sensing can provide a technological capahi: '.y to 
determine the properties of materials by optical 
rather than chemical analysis. Thus, man can locate 
and inventory potentially valuable sources of mineral 
wealth, range and timber resources, ocean fish, 
agricultural crops, and snow, ice, and other sources of 
fresh water. This knowledge can be put to work in 
new and unusual ways. For example, glaciers and the 
polar ice caps represent 75 percent of the Earth’s 
fresh water resources. Manned spacecraft can perform 
rapid and frequent surveys of the areal extent, depth, 
and location of the continually changing glaciers and 
ice fields and, by using microwave imagery (which 
can penetrate cloud cover) and high-resolution 
photography, can keep an inventory of fresh-water 
resources. Relayed to Earth, this information will 
facilitate more-effective utilization of available water 
supplies. 

Long-range planners are concerned with the rate of 
consumption of fossil fuels and the depletion of 
energy reserves. The identification of new energy 
sources is critical to man’s long-term survival. One 
potential source promising high yield is geothermal 
energy. Natural hot springs in Iceland are used for 
heating; and Boise, Idaho, has natural hot water 
( 170° F) available in an amount of one and a quarter 
million gallons a day. To date, however, there has 
been no really extensive use of geothermal energy, 
partly because no comprehensive survey ot potential 
sources has been made. High-resolution photography 
from a space research facility can locate many such 
regions, and when conventional photographic inter- 
pretation is insufficient for geological understanding, 
it can be supplemented by infrared thermal imagery. 

It has been demonstrated that underground geo- 
thermal sources can be made clearly evident by the 
use of infrared photography augmented by artificial 
color enhancement techniques, even where the 


difference in surface temperature is a scarcely notice- 
able 1° C. 

The spectra identified from space of the solar 
radiation reflected from the oceans can be used as a 
measure of chlorophyll concentration in the sea. 
Inasmuch as chlorophyll is associated with living 
plants (phytoplankton), development of this measur- 
ing technique will lead to a better understanding of 
the ecology of the oceans, from this to more accurate 
descriptions of ocean-population dynamics, and 
ultimately to more effective prediction and control of 
fish yield. 

Besides offering potential for increasing the avail- 
ability of natural resources, space research also 
promises to be extremely valuable in the fight against 
pollution. Pollution sources in the oceans, lakes, 
rivers, and streams can be located, and dispersal 
patterns can be charted and controlled. Pollution- 
related research is discussed later in more specific 
terms. 

The need to communicate has been basic to man 
since prehistoric times, and significant improvements 
in global communications will provide immediate, 
identifiable benefits to hundreds of millions of 
people. Communication capabilities can be expanded 
and can be used botli in normal business and in 
making important information developed in the 
applied and basic sciences almost immediately avail- 
able to those who require it. This capability is 
important not only in the predictijn of natural 
disasters, such as Hoods, earthquakes, and forest fires, 
but also in the rapid collection, analysis, and dissem- 
ination of information that can be vital in predicting 
crop yield and locating diseased crops, and other 
agricultural data. 

Navigation and traffic-control systems incorporating 
Earth orbital spacecraft appear to be the best solution 
to the problem of controlling air and space traffic. 
Traffic control is required for vehicles, including 
ocean vessels and aircraft, operating in the terrestrial 
environment; vehicles orbiting the Earth; and space 
vehicles in the launch or reentry phase that pass 
through the zones of both the terrestrial and the 
orbiting vehicles. Navigation and traffic control 
systems that include spaceborne elements may also 
prove to be the only feasible way to bridge the gaps 


between the continent;! I land masses in the efficient 
control of transocean air traffic. 

Immediate returns to medical science may also be 
expected from research that may be undertaken 
initially in the interest of advancing our capability for 
manned spaceflight. Many bone diseases have their 
origin in poorly understood aspects of calcium 
metabolism and control. These diseases (e.g., osteo* 
porosis and osteodystrophy) manifest themselves in 
brittle ness, fragility, and faulty development. 
Decreases in bone density accompanied by an 
i net ease in urinary calcium have been observed in 
association with previous manned spaceflights. This 
subject is therefore a candidate for particular 
emphasis in luture research programs in orbit. The 
information derived from such research, while 
directly applicable to manned spaceflight problems, is 
also expected to significantly increase our overall 
understanding of the complexities of calcium metab- 
olism and may well produce a major advancement in 
file treatment ol associated bone diseases. 

Another elass ol benefits underlies man's welfare* and 
provides the structure of his understanding of himself 
and his environment. These returns are derived from 
tlie furtherance ol basic science*. The practical appli- 
cation of any development of science for the sake of 
science is not always immediately evident. The 
influence of such development is usually subtle and 
often spread out over a long period. The two 
principal sources of these long-term returns are most 
likely to be the life sciences (Space Biology and Space 
Medicine) and the physical sciences (Space I'hsyies 
and Space Astronomy). 

The understanding of many basic life processes would 
be markedly increased if the roles of gravity and 
harth-lunar periodicities in biological activities, 
particularly at the cellular level, could be moie clearly 
defined. Unfortunately, from the point of view of 
experimental biology, these phenomena are always 
Present in the terrestrial environment and conse- 
quently are not susceptible to experimental manipula- 
tion and control. It is only in the space environment, 
where biological organisms may be examined in the 
absence of gravity and terrestrial cycles, that the 
influence of these factors can be truly realized and 
me a n i ngf u I ly measured . 


Most biological forms that have been studied show 
some type of rhythmic activities or cycles. The 
frequencies may be diurnal, in harmony with the 
terrestrial days and nights; circadian, repeating at 
about 24-hour intervals; or tidal or lunar, associated 
with 12.4- or 24.8-hour tides and showing monthly 
highs and lows. Man himself exhibits obvious diurnal 
temperature variations and more subtle variations 
that may be associated with susceptibility to disease 
and response to medication. The rhythms may be 
endogenous or they may require terrestrial cues; 
increased understanding must await extraterrestrial 
study. 

The experimental organisms that are the subjects of 
biological research may seem rather exotic, even 
bizarre, to the layman. Such specimens as the fruit fly 
(Drosophila mclanogaster), the fiddler crab (Vca 
pugnax), the mouse ear ciess ( Aivbulopsis ). parasitic 
wasps ( Huhrabnuon ). and the like are usually quite 
outside the scope of lay knowledge, and the relation- 
ship and application ot their biological processes to 
man is consequently unappreciated. Species such as 
these, however, may be selected as space research 
subjects because they manifest some biological phe- 
nomena in a manner that facilitates accurate experi- 
mental ion and because they lend themselves well to 
the orbiting laboratory situation. Use of such speci- 
mens is feasible because there is a remarkable unity 
and constancy in the science of biology: a basic life 
process identified in a plant or lower animal is usually 
a.» applicable to man as it is to the organism in which 
it was studied. 

Many ol the phenomena suggested for study in 
weightlessness have a direct relationship to man's 
immediate terrestrial need." an increased under- 
standing of growth phenomena applicable to more 
precise nutritional requirements: the possible a Iner- 
rancies in cell division in space, applicable to cancer 
research; a greater comprehension of the role of 
gravity in plant lignification. applicable to the 
development of stronger and more durable woods. 
Otheis have a less obvious but no less important 
long-term application. Advancements in basic knowl- 
edge are never wasted. 

Although space medicine is directed primarily toward 
maintaining the health ami performance capabilities 


of spacecraft crewmen, it wit! (by providing a better 
understanding ol man's physiological responses to 
environmental stress and the improvements that can 
he realized with appropriate countermeasures) have a 
most direct and important application to man's 
terrestrial problems. 

Three other research areas that will provide long-term 
benefits to man are Geodesy (Ba<th physics), Space 
Physics, and Space Astronomy. Systematic coverage 
ol the Barth s land areas by cloud-free photography 
from space could produce a uniform series of 
geotectonic maps in a detail comparable to that of 
the lunar-orbital coverage of the moon. These maps 
would be of significant value to structural geology 
and geophysics by contributing to a basic under- 
standing ot Barth dynamics. The monitoring of active 
volcanoes is another activity that could be performed 
from space that would add to man’s basic under- 
standing of Barth physics. 

Space Physics has potentially great practical applica- 
tion. Rese,. eh in space not only permits study of the 
physics ol space, in the sense of understanding the 
plasma sheath and the ionosphere, and their impact 
upon our terrestrial home, but it offeis unusual 
opportunities for the development of physics. For 
example, research on the effect of surface tension on 
liquid behavior and other matters related to liquid- 
vapor interfaces in zero gravity will not only provide 
data needed lor realistically designing propulsion 
systems and life support equipment for space applica- 
tions but will also further the understanding of 
material behavior in space. This field of research 
could be particularly fruitful in its contribution to 
the eventual manufacture of special materials and 
extremely pure pharmaceuticals in space. Comparison 
of Barth-grown crystals with those grown in orbit, 
and other similar research, may result in the develop- 
ment ol materials with very special characteristics 
that cannot be developed in the terrestrial environ- 
ment. 

Astronomy has, to date, been the most active 
scientific endeavor in space, chiefly because astro- 
nomical observations of many types can only be 
made above or at least high in the atmosphere. The 
list of space astronomy accomplishments during the 
I d60 s is impressive; it includes discovery of discrete 
x-ray sources and diffuse x-ray and gamma-ray 


backgrounds, the first observations of ultraviolet 
stellar spectra, detailed observations of the Sun’s 
spectrum from the ultraviolet to the hard x-ray 
region, high-resolution visible-wavelength imagery of 
the Moon and Mars, detection of intense far-infrared 
radiation from quasi-stellar radio sources (quasars) 
and certain galaxies, the first measurements of the 
diffuse low-frequency radio background of the sky 
with adequate resolution to distinguish the galactic- 
halo and the galactic disc components, and detailed 
low-frequency-radio observations of the solar corona 
and of Jupiter’s trapped-electron belt. 

During the 1 1 )70 s. Space Astronomy programs may be 
expected to include more and better observations of 
the types listed above, close-up (but still remote- 
sensing) observations of Mercury and some of the 
giant planets, and the first manned astronomical 
observations (Skylab). Traditionally, astronomers 
have not tended to rely on practical results as a basis 
lor support, in spite ol historical examples such as the 
calendar, celestial navigation, the discovery of helium 
in the Sun, and proof of the existence of sustained 
thermo-nuclear energy generation by the stars a 
process that has only been theoretically postulated on 
Barth. Although it is difficult to predict the practical 
applications of present or future astronomical inves- 
tigations, one likely accomplishment is the devel- 
opment of solar flare theory in detail adequate to 
predict flare occurrences, thus warning space trav- 
elers of the health hazard and alerting Barth-based 
communications systems to anticipate increased noise 4 
and possible blackouts of some frequencies. Another « 
possibility stemm.ng from recent indications of 
powerful non-nuclear energy sources in galaxies and 
quasars involves the future harnessing of new energy 
mechanisms for man’s use. If these prospects materi- 
alize, Space Astronomy observations will surely have 
provided vital contributions to man’s welfare. 

Man has a vital role to play in the development of the 
immediate and long-term benefits discussed above; 
but to be able to continue to explore the possibilities 
of utilizing space, he must develop new and better 
ways of functioning in space. Man himself, therefore, 
becomes one of the subjects of study. The research 
identified in the Manned Spaceflight Capability 
discipline will not only make it Possible to develop 
equipment for life support systems and to aid man in 
performing useful functions in space, but will provide 
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additional information on the interacting effects of 
such (actors as weightlessness, isolation, sensory 
deprivation, boredom, monotony, restricted space, 
lack ol privacy, and other psychological elements of a 
spacecraft environment. This kind of research will not 
only develop confidence that man will function 
efficiently over the span of long-duration missions, 
but will also provide design criteria directly useful in 
terrestrial facilities. 

R E SEARCH MISSION AND SPACE FACILITY 
PLANNING REQUIREMENTS 

This study began with six NASA-assigned disciplines 
lor research," 1 and through an organized overview 
analysis of each discipline, a total of 3,800 critical 
issues were derived. The term “critical issue” is used 
to denote especially important questions that are of 
crucial interest to the expert and to which answers 
are decisive in meeting a central objective within a 
pertinent theoretical or practical setting. These 
critical issues express the specific objectives required 
to fulfill the overall objectives within the discipline 
and are directly traceable to them. After screening to 
determine the applicability of the research required 
by any critical issue to manned Barth-orbital 
missions, the remaining critical issues (1,983 in 
number) were grouped into 136 “research clusters” 
on the basis of commonality of instrumentation and 
measurements. 

Translation of NASA-assigned disciplines into rele- 
vant sets ol research activities for man in space, 
however, is only one step in achieving NASA’s goals. 

In addition to the determining of what research must 
be performed and how it can best be performed, it is 
also necessary to plan actual missions that will 
accommodate the research. 

A number of vehicle concepts are currently available 
to be used singly or in combination as space research 
facilities. The configuration chosen for a particular 
mission must offer characteristics that are suitable to 
the desired mission. Some parameters that are neces- 
sary in some disciplines have little or no effect in 
others. For example. Space Astronomy (which uses 
telescopes in space) is different from other disciplines 

♦Manned Spaceflight Capability, Space Biology, Space Astronomy, 
Space Physics, Communications and Navigation, and l-artli Observa- 
tions. 


in that most of the research is better suited to 
free-flying modules that are periodically attended by 
man than to a continuously manned facility, because 
the presence ol man may have adverse effects upon 
the stability of the telescope and therefore upon the 
measurements. 

All research imposes certain requirements on both the 
mission and the research facility. The mission profile 
(altitude, inclination, pointing, duration), the volume 
required to house equipment, the weight of equip- 
ment carried, and the electrical power required to run 
the equipment are some of the more significant 
Parameters. The number of crew members required to 
perform the planned research and the demands on 
their time will be a function of many factors, such as 
instrumentation, data management, type of research, 
and the versatility and skill levels of the crew. Crew 
size, in turn, will affect the configuration of the 
fac'iity and the necessity for life support systems. 
Extravehicular activity, when required for some 
research, will likewise impose requirements on the 
mission, and research that involves calendar events 
(planetary activities or seasonal changes) will impose 
requirements in terms of mission timing. All of these 
parameters and many more interact with one another 
to influence mission planning. 

Detailed descriptions ol the research clusters were 
developed to define configuration requirements for 
space-research facilities, as well as for instrumentation 
and installation layouts; crew activities, skills, and 
schedules; data-acquisition elements; and interface of 
the spacecraft with the subsystems required to 
support the research. A summary of each of the 136 
research clusters appears in the Appendix. 

SUPPORTING TECHNOLOGY DEVELOPMENTS 
REQUIRED 

Certain research activities identified in the study 
cannot be carried out with existing instrumentation 
and techniques. For example, classical techniques for 
microbial identification required in studying changes 
in the number and kinds of microorganisms existing 
in a closed spacecraft ecology are laborious and :hne 
consuming. To limit the demands upon the astro- 
naut’s time to an acceptable level, automated tech- 
niques need to be developed. As other examples, 
observations of faint astronomical objects will depend 
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on development ol a space-based system for acquisi- 
tion ol celestia' targets; and the observation of 
natural resources from Farth orbit will require the 
continuing envelopment of instruments, such as 
multispectral scanners and microwave radiometers, 
that can distinguish among surface features or condi- 
tions on the Farth. It is important that requirements 
for supporting technology development (STD) such 
as these be identified while a research program is in 
its formative stages, so that the activities necessary to 
improve or institute advanced technology programs 
to satisfy these requirements may be started at the 
most advantageous time, For this reason, the subject 
of STD was made an integral part of the study. 

bach ot the 136 research cluster descriptions was 
examined, to determine STD requirements. From 
these requirements, specific activities studies, experi- 
ments. or development programs that will have to be 
carried out to satisfy the requirements were named. 
Studies were indicated for many new types of 
research equipment arising out of prospect for 
research in the space environment. lor example, a 
device capable of positioning or levitating molten 
metallic samples in a test chamber under zero-g condi- 
tions without distorting the surface geometry. Devel- 
opments, on the other hand, are frequently required 
in connection with instruments that have been used 
in the terrestrial environment bu. need redesign for 
zero-g, such as blood-cell counters and tissue proces- 
sors. hxperiments, whether in space or not. are typi- 
cally called for when specific physical information is 
needed for the design and development of new types 
ot research apparatus. Sucn devices as condensers and 
liquid-gas phase separators suitable for operation in 
zero-g are examples of equipment requiring experi- 
mentation both in space and on barth. 

The STD activities were regrouped into STD work 
packages, each representing a logical combination of 
either studies, experiments, or developments in 
support ot the STD requirements. For example, the 
studies identified from each of three SID require- 
ments related to millimeter-wave research (MM-wave 
experiment plan, broadband modulators, and high- 
speed correlator) were combined into a single STD 
work package. Analysis ot these work packages pro- 
vides the data required to commit resources in a 
timely manner, and on any priority basis, for the 


development ol operational capabilities in support of 
long-range mission objectives. In this area, as in the 
oth , arc *» of the study, traceability makes it possible 
to use me data in a meaningful way, and STD require- 
ment'- and work packages can be related to the overall 
research objectives that they support. 

RESULTS OF Till STUDY 


This stuuy details the manned research that can be 
performed in orbit to achieve NASA’s objectives for 
the utilization ot space tor the good of mankind 
during the next decade. Six disciplines have been 
subjected to an overview analysis that resulted in the 
identifying ol 3,800 critical issues timely and impor- 
tant research questions. Of these critical issues. 1,083 
that were deemed suitable for near-term manned 
space research were grouped into 136 research 
clusters in accordance with commonality of instru- 
mentation and measurements. These clusters were 
described at a level of detail that identifies the 
important aspects of the research and establishes the 
principal requirements that will be placed on the 
missions in accomplishing the research and on the 
space research facilities lor these missions. Summaries 
ot the space facility requirements and guidelines for 
mission planning were prepared. The supporting 
technology developments required to pursue the 
research were identified and grouped into 233 work 
packages. ( rilical issues, research activities, and 
supporting technology development requirements are 
all directly traceable back to the overall objectives 
within each of the six major disciplines. 

I lie information derived in this study is a contribu- 
tion to the formulation of a reference manual for 
planners of Farth-orbital research activities. The 
Study Final Report* provides an overview of NASA’s 
orbital-research program objectives in six disciplines, 
with a continuous chain of traceable logic from the 
overall objectives in each discipline to the detailed 
descriptions ol specific experimental activities neces- 
sary to consummate the research program. 


‘liirth Orbital experiment Program and Requirements Study I Inal 
Report. MIX' 00680, McDonnell Douglas Astronautics Co,. December 


/'///; RESEARCH PROGRAM ELEMESTS 


Previous programs have addressed individual aspects 
o! research planning, but the , .irrcn! program was the 
lirst to translate NASA's long-range objectives lor 
man in space into a series of related specific research 
activities. Two major elements composed the research 
program thus derived: ( I ) the critical issues, which 
resulted from an overview analysis of assigned disci- 
plines of scientific investigation and were an expres- 
sion ol the objectives in these disciplines, and (2) the 
research clusters, which resulted from an analysis of 
the critical issues and were an expression of the 
space-related research activities required to satisfy the 
objectives. 

CRITICAL ISSUES FOR RESEARCH 


NASA assigned six disciplines to the study team as 
areas for investigation: Manned Spaceflight Capa- 
bility, Space Biology, Space Astronomy. Space 
Physics, Communications and Navigation, and Earth 
Observations. These categories approximate areas 
readily identiiiable with recognized broad lines of 
scientific research activity. Within the discipline of 
Manned Spaceflight Capability, for example, are 
biomedicine, behavioral research, man-machine 
research, life support and protective systems, engi- 
neering experiments, and operations experiments. 
Earth Observations includes Earth physics, agriculture 
and forestry, geography and cartography, geology, 
hydrology and water resources, oceanography and 
marine resources, and meteorology. The approach to 
reducing each category to a series of definable, man- 
ageable packages oi research activities was essentially 
the same lor all ol the disciplines, although individual 
disciplinary characteristics in some cases required 
differences in the details of the approach. The aim of 
the analysis was to identify ( I ) the important things 
to learn in each discipline during the next decade and 
(2) the research activities that should be pursued on 
manned space facilities in order to learn them. 


To understand the analytic procedure followed, it is 
necessary to recognize the way in which science 
proceeds, and the inherent differences between 
basic and “applied” research. As illustrated in 


E igure I , “normal science" proceeds in a closed cycle 
Iron* observation to theory to observation and buck 
to theory. 1 hat is to say, the scientist observes certain 
phenomena, thus developing "knowledge" which in 
turn, leads him to develop theories or an "under- 
standing ol the phenomena; he then applies this 
understanding to a designed repetitive experiment or 
series of observations. Either his understanding is 
confirmed by the experiment, or the knowledge 
gained Irom it modifies his understanding. The cycle 
repeats itself, developing further detail or scope as it 
goes. Occasionally, however, an observation is so 
grossly contradictory of theory that a crisis situation 
develops and a revolutionary step is taken. It is at 
times like these, suggests T. S. Kuhn."' that science 
makes its most significant and dramatic forward 
movements. Among the six disciplines addressed in 
this study, those of Space Astronomy, Space Physics, 
and Space Biology proceed generally in the manner of 
"normal science.” On the other hand, the applied 
sciences are concerned not only with theory and 
observation but with the application and utilization 
ot knowledge. Typical of areas that must concern 
themselves with practical utilization are the disci- 
plines ot Earth Observations. Communications and 
Navigation, and Manned Space High I Capability. In 



•AFTER TJJ. KUHN -THE STRUCTURE OF SCIENTIFIC REVOLUTION!! ' 
UNIV or CHICAGO pneoo IOC? 


Figure 1. Philosophy of Research 


J ^ulm, Ih 1 ’ Structure of Scientific Revolutions , 
Chicago Press, 1962. 


University of 
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""Piemen lint- (he analytic procedure, then. M was 
recognized lh.il somewhat different approaches were 
required m each area, and this was rellecied m the 
manner m which each of the xubobjeclives was 
Healed in what was termed an "overs iew" analysis. 

Hie method developed lor dividing each discipline 
m, ° P c, l° r| nahle research activities was called an 
overview analysis because it did indeed provide an 
overview ol the entire discipline An overall objective 
was idem Hied lor each discipline; a senes ol questions 
was then posed, and the an sum constituted sub- 
objectives, figures 2 through 7 show the first level of 
categorization of the organized ovemews for eat It of 
I ' 11 MN ll,sc| Pli"es. I ach subobjective was addressed 
another series ol questions, which in turn, defined 
further subobjectives at the nest level of detail I ho 
process was continued until a level was reached at 
which it was appropriate to pursue experimental 
" vans |o, answering the questions posed. A question 

ku -' 1 ; v ‘ ,s ci,lk,d ^ figure H shows 

Ik How ol this analysis in one line of inquiry in the 

,h ° hwfV aiions discipline (i.e.. hydrology). from 
• he overall hydrology research objective, a series of 
questions led to developing an understanding, among 
o Per tilings, ol the effects of pollution on the 
utdizal.on o' water resources and the identification 
o such critical issues as the effect ol chemical and 
biological pollutants on resources, the effect of 
stream flow and wastes on coastal waters, and the 
ei.ect ol saline intrusions on estuaries. Ihese ilhisira- 
,lons ‘ l,so the traceability afforded by the 

overview analysis, traceability that makes it possible 
to identity critical issues with the overall objectives to 
which they relate, and to trace a major objective 
dmvn to the research activities that must be accom- 
plished. I his traceability is one of the most important 
aspects ol the study, and P contributes significantly 
o the plannmg ol research missions that will satisfy 
NASA s long-range objectives lor man in spaee. 


During this analytical derivation procedure, scrutiny 
ol I he literature, personal discussions with recognized 
authorities in the various fields, and discussions by 
members ol the study team with colleagues who were 
not directly involved in the program helped to 
validate the issues. I his procedure made possible the 
derivation of a comprehensive and authoritative set of 
innely research questions traceable to original objec- 

i AS ‘‘ ,V . SUl1 ol ,lK ‘ sc overview analyses, a total of 
critical issues were derived. 


lo determine whether these .1.800 cnlic.il issues were 
all suited lor study by man m I arth orbit, new insight 
was required into the value of manned faith-orbital 
research, and accordingly, the eiilical issues had to he 
xueened. Ihree critena were chosen against which 
every critical issue was measured I o remain a subjec t 
lor study, a critical issue had lo requite research that 
could not be successfully performed on l aith Inn was 
suited lo the I arth orbital environment (figure 0), u 
had to be an area of study in which man's presence 
would contribute significantly to the conduct ol the 
research (figure 10). and H had to be a research 
problem that was not already a subject for studv m 
ongoing or Hrinly planned program Most ot'the 
cntica! issues eliminated were dropp’d lor the fust 
jeason inapplicability lo l arth orbital research I he 
largest block rejected for other reasons was a group of 

, ni 1 lk ' al lssucs ln (l 'v‘ Manned Spaceflight ( upabihtv 
discipline that will be satisfied In Skv lab expert- 
mvnts I he overall result of checking Jach critical 
issue against these three criteria was the .eduction o. 
,lk ‘ critical issues, to l.o.s? ,), ,, VW1V 

considered suitable for further consideration m the 
study . 

Kl SI AKl || Cl US I I US 

Analyzing six disciplines to identify I .‘IN t critic il 
issiivs merely indicated the research activity required; 

1 1 kl 1,01 t,c|| "eate the way to perform it. It was 
apparent that certain types of research problems 
W lH : st,|vcd h > *l»c same or similar instruments 
I he critical issues were therefore survey ed to deter 
mine where these commonalities existed; thev were 
(lien grouped according to commonality of ’mstru- 
"K-'its and measurements. |j,is process resulted 

, ' slk ' ’ groupings, which were called "research 
clusters. 


lie Idb research clusters were examined in detail to 
dcxuibe the functional and operational characterisHcs 
ol the associated experimental activities. I his descrip- 
tive process translated scientific research requue- 
"ivnts into engineering requirements m terms of , 
seven-part formal that leads logically Iron, scientific 
issues to the engineering details required to answer 

K‘se issues. Ihis lorniat included the toll,, wing 
mlormalion: "■ 

'• (a ' ncral v'larac (eristics of (he research duster 
leseareh objectives ami experimental method 
ology. 
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• BloMGOlCINE 

• MANGY8TEMD INTEGRATION 

BEHAVIORAL RE0BARCH 
MAN-MACHINE RESEARCH 

• LIFE SUPPORT AND 

frotective systems 


• DATA MANAGEMENT 

• STRUCTURES 

• STABILIZATION AND 
CONTROL 

• NAVIGATION AND 
GUIDANCE 

• COMMUNICATIONS 


• SPACE LOGISTICS AND 
REOUPPLV 

• MAINTENANCE REPAIR 
AND RETROFIT 

• ASSEMBLY AND 
DEPLOYMENT 

• MODULE OPERATION 

• VEHICLE SUPPORT 
OPERATIONS 



• CLASSICAL MECHANICS, RELATIVITY, 
AND GRAVITATION 

• ELECTROMAGNETISM 

• HEAT. THERMODYNAMICS, AND 
STATISTICAL MECHANICS 

• DEFORMABLE BODIES 

• ATOMISTIC STRUCTURE OF MATTER 

• PLASMA PHYSICS 


• DIRECT SENSING OF THE LOCAL 
SPACE ENVIRONMENT 

• INTERPRETATION OF REMOTE 
ENVIRONMENTS THROUGH LOCAL 
EXPERIMENTS 


Figure 2 . Organized Overview - Manned 


Spaceflight Capability 


Figure 5. 


Organized Overview - Space Physics 



•NON-PHOTO • TROPICMO * DEVELOPMENT •PHYSIOLOGICAL 

PHOSPHOR VLA 
TIGN 

•PHOTO • RHYTHMS • GENETICS • OEHAVIORIAL 

PH03PH0RYLA 
TION 


• HOST-PARASITE 


• ANABOLISM 

• CATABOLISM 

•CONTROL 

MECHANISMS 



• APPLICATIONS 

SPACE MISSION SUPPORT 
BROADCAST 

INFORMATION NETWORKING 
DATA COLLECTION 
SERVICE REQUIREMENTS 

• RESEARCH AND DEVELOPMENT 

THEORY 
ENVIRONMENT 
PROPAGATION 
TECHNOLOGY 
•RESOURCE MANAGEMENT 
FREQUENCY ALLOCATION 
MILLIMETER WAVE DEMONSTRATION 
OPTICAL FREQUENCY 
FUTURE NEEDS 
USAGE AND CONTROL 


• SPACE NEEOS 

EARTH-ORIENTEO SYSTEMS 
AUTONOMOUS NAVIGATION SYSTEMS 

• AIRCRAFT AND MARINE NEEDS 

NAVIGATION 
SURVEILLANCE 
COLLISION AVOIDANCE 
ENROUTE COMMUNICATIONS 
SEARCH ANO RESCUE 

• SPACE VEHICLE LAUNCH AND REENTRY 
NEEOS 

AEROSPACE CLEARANCES 
LOCAL TRAFFIC CONTROL 
CORRIOOR SAFETY 


Figure 3. Organized Overview - Space Biology 


P 


SPACE ASTRONOMY 


SUBJECT MATTER 


• UNIVERSE 

• GALAXIES 

• INTERGALACTIC SPACE 

• STARS 

• NEBULAE 

• INTERSTELLAR SPACE 


• SUN 

• PLANETS 

• INTERPLANETARY SPACE 

• UNCLASSIFIED OBJECTS 
IX RAY SOURCES, 
PECULIAR IR SOURCES, 
GRAVITATIONAL 
RADIATORS, ETC! 


1 


KNOWLEDGE 

(OBSERVATIONS! 


UNDERSTANDING 

(THEORY! 


• STRUCTURE 

•RADIATION CHARACTERISTICS 

• SPATIAL AND TEMPORAL VARIATIONS 


• RELATIONSHIPS AMONG 
OBJECTS AND PHENOMENA 

•SCALING, AVERAGES, 
DISTRIBUTIONS. ETC 


Figure 6. Organized Overview -Communications 
and Navigation 



Figure 4. Organized Overview - Space Astronomy 


Figure 7. Organized Overview - Earth Observations 
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Figaro 8. Orgonizod Overview - Hydrology find 
Water Resources 


- Parameters to he measured physical, tem- 
poral. and spatial characteristics. 

d. Measurement techniques: physics of the 
measurement, msl rumen tat ion techniques, 
find potential sources of error. 

■I. Sequence ol activities preparations, opera- 
tion of equipment, monitoring, and assess 
meitl of results. 

v Instiuments required type of instrument, 
general specifications, and functional descrip 
I ion 


As a research area. Manned Spaceflight Capability 
contains the studies necessary to qualify man and his 
equipment tin extended spaceflight. It includes inves- 
tigation ol biomedical and behavioral tolerances to 
the stresses of spaceflight, determination of man’s 
capabilities and limitations in performing useful work 
in space, verification of design data, and evaluation of 
operational manned spaceflight procedures. 

l or purposes of this study, the discipline was divided 
into six research categories: biomedicine, behavioral 
research, man-machine research, life support and 
pioteelion systems, engineering experiments, and 
operations experiments. Research in these areas was 
eventually grouped into a total of 4.? research 
i lusters Knowledge of how nan reacts in space will 
be invaluable in helping to develop an understanding 
ol the basic nature of Ins responses that will be 
readily applicable m any environment it will uncover 
new relationships between man and the machines he 
uses and will help to develop aids to enhance his 
performance in using them. The research into life 
support and protective systems has application to 
waste management, water managemen, vd proces- 
sing Hi space, and similar problems on . „rth I ngi 
neenng experiments will contribute to the design of 
advanced data management, power, control, naviga 
lion and guidance, and communications subsystems 


(t. Support required from the orbital facility 
volume and payload, electrical power, slruc 
I lira I support, logistics, environment control 
and life support, propulsion and stabilization 
requirements, and view skill and manpower 
levels 

7. Data requirements type of data produced, 
rale ol data production, lime allowable until 
data are put to use, and characteristics of 
electrical data channels. 

I he Appendix contains summaries of all of the 
research clusters I he more detailed (seven part) 
description of each clustet may be found m the Study 
I'Utal Report (see Riel. ice). These descriptions are 
definitive and functional poi traits of each research 
cluster, and address the kinds of problems broadly 
discussed m the following paragraphs. 


I IfiSINUAl 
M Httt'HH 
N NlMlltll 
t I Ol I H Alt’. I 
I iMiUlllMUt 
U IIIICIH 
UNKNOWN 
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Figuro 9. Scrooning of Critical Issuos for AppScnbility 
to Earth Orbital Rosoorch 
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lor manned space vehicles Opor.il ions experiments 

, operational pioooilnios ilovolopoil ami 

ami li'siod in ground Simula! ions. 

Space Biology 

l o icspoml lo NASA’s long range objectives m the 
fielil ol Space Biology, ilmv ilislmc! areas were 
CN.iimneil hie processes, taxonomy of life forms ami 
en' "on, Denial factors I he five gene.al hfe-process 
categories ol metabolism, energetics, responses to 
stimuli, reproduction, ami organization were further 
ilc fined to more detailed levels, laxonomy was 
ilnuled into the phylogenetic groupings under plants 
Piotists, and animals I he effect of environment on' 
He processes ,s readily observable, and since weight 
lessness is the most unique characteristic of the space 
env ironmen t (besides being the one that most 
obviously at teds living organisms), u was considered 
the prune independent variable to be applied m the 
anal> sis ol ibis discipline 

I' xperimenls in Space Biology were grouped undei 
bun major research areas eoriespondmg to major 
lavonomical divisions suggested for study m space: 
vertebrates, invertebrates, prolislsaml tissue cultures, 
ami plants I bis grouping was selected because of the 
commonality of equipment and techniques used in 


the experiments m any of the divisions and because it 
responds to the necessity loi examining life functions 
m a variety of living organisms to ensure that a 
spccilie phenomenon is really a basic process com 
mon to many biological forms, for each taxonomical 
division, a preliminary, intermediate, and advanced 
research phase was described I xpenmenls m the 
ptchmmaiy phase are intended primarily to define 
ami desciibe changes m gravity-dependent phenom 
ena and terrestrial rhy thins, those in the intermediate 
phase are intended lo determine the components of 
In iliange and the vaiious piocesses involved; and 
lliose in the advanced phase are intended lo study the 

basic biological mechanisms responsible lor the 
change. 


Many ol the suggested experiments .we expected to 
increase out undei standing of questions that have 
been incompletely answered over many decades of 
biological research Consider for example, the peppei 
plants that orbited the faith m Biosalelhte II Noi 
mally. * he leaves and petioles of healthy pepper 
Plants grow horizontally, relative to the faith's 
surlacc; that is. to the side, relative to the plant’s 
Nb’i" In space, however, they curved downward on 
k |k ppei plants until the leaf lips almost touched 
Hie stem llns phenomenon, known as “epinasty ," 


I SSI NtlAl 

mi i rr ui 
no mm 

101.1 MAUI t 
INIvM I MAIU I 
m ms 
UNKNOWN 


CM mi At I SMI | ) 

UHltt’AI ISSUI ; 


CMMICAi ISSUf N 


MAN S PAM) It It'AI ION HI Nl f tflAI 


2 

•4 

S' 

* * 
A O 
A A 


Si ll Nl IM 
oeisi uk i m 


V'?. 

!! T 

i * 

s* 

St, 

Vi 

s* 


01 VI I OPMl Nl 
( NlitNI I M 


S? 


A 

Sr 

JS 

S; 


!S 

I 

\v m 
A O 


1 1 I'MNtl tAN 


M, 

T 

«. ,i 

r 


(SCMI I Nl O OUT AS NON SI' AC 1 1 


O 

O ^ 

* 0 
A * 




MAN S PAM HOP A HON 





01 1MIMI Nl Al 








1 MISSION 




1 1 li. 

lit 


1 PI Ml OIIMANl't 




ei 

JO AU'A 

tU’N 

O 


















3 





8 



3 





s 


O 


5 

o 

r 

5 

U 

ft 


t, 


V* 

M 

ft 

r 

ft 

* 


V 




.» 



3 

li 

jt 

“1 

t 

% 






A 

ft 


X 

O 

A 

A 

A 

ft 

t 

> 

K 



s 

to 

S 

U 

S' 




V 

5 

A 


ft 

iStS 

N 

N 

N 

N 

1 

1 

N 


N 

N 

N 

N 

N 

N 

N 



Iiail been suspected because of clinostut (weight- 
lessness simulation) experiments on the ground, but 
experiments in the actual space environment were 
required to coni inn the suspicions. Similarly, the 
roots ol wheat seedlings grew in a random directional 
Pattern in space rather than in the highly restricted 
pattern lecogni/ed on I*. a rt h . I his research was one of 
the most significant milestones in more than 
1 50 years of experiments on the role of gravity in 
plant growth. Experiments performed on Earth shev 
the Might ol Binsatcllite II have shown that wh% .lie 
plants are preconditioned to total darkness and iowu 
in the dark. on the clinostat, they tail to respond o id, 
epinastic curvatures, It appears, therefore, that light 
and weightlessness compete for a common functional 
element in the plant, I his functional element is now 
believed to be the plant hormone auxin (indole-3- 
acetic acid). Che mechanisms by which this hormone 
controls the plant’s response is still not known and 
remains the subject of intensive study. 

I lie flight ol Biosatellite II also elemonstrated that 
fruit lly (Drosophi'a mclanognstcr) larvae were 
disturbed by weightlessness, and abnormal chrom- 
osome transfers occurred in dividing cells. I'he fre- 
quency of this phenomenon is not seen in similar 
larvae produced and grown on Earth. Because of the 
Biosatellite experiments, it is now believed that 
tadiation ami weightlessness have a synergistic effect 
in regard to chromosome damage. Results of similar 
experiments with other forms of life indicate that 
synergism is most noticeable in the young, rapidly 
dividing cells. These kinds of questions, basic to 
biology itself, can be answered only by research in 
the space environment. The pioneering mission of 
Biosatellite II was (by design and necessity) restricted 
to the investigation of simple phenomena. Conse- 
quently. a minimum number of critical issues were 
examined. By pursuing the research clusters in Space 
Biology, divergent types of research can be combined 
I'oi optimum data gain. 

Space Astronomy 

l or near-term Earth-orbital astronomy, the full-time 
involvement of mail is not required; as larger instru- 
ments evolve, however, manned activity will contri- 
bute more vitally in this discipline. The benefits of 
man’s presence accrue primarily from his ability to 
evaluate instrument performance (permitting rapid 


response to equipment malfunction) and to exchange 
secondary instrument packages. However, negative 
factors are also associated with man’s presence when 
Earth-orbital astronomical observations are being 
made. I hese factors are related to contamination of 
observations caused by spacecraft effluents and dis- 
turbances of instruments caused by crew motion. It 
was with these gross assessments in mind that the 
research for Space Astronomy was analyzed . The 
research clusters tail into three categories: optical,* 
x-ray, and low-frequency radio. One valuable research 
area would be an extremely sensitive sky survey of 
x-ray sources using a large-area detector array, and 
high-resolution imagery of strong discrete x-ray 
sources, using a large grazing-incidence telescope. The 
first program would reveal many more sources than 
any predecessor survey revealed, increasing chances of 
optical counterpart identification, and the second 
would improve knowledge of the structure and 
physical nature ol individual soirees. Another major 
aiea ol research would be extragalactic studies using 
huge optical telescopes, leading to an increase in the 
tange of accurate galaxy distance determinations, an 
improved cosmological model, and belter knowledge 
of the physic.,, properties of quasi-stellar radio 
sources and galaxy nuclei. 

Space Physics 

I lie essential view of research in this discipline was 
that of using space platforms to assess the character- 
istics of the orbital environment and to utilize these 
c uv ii onmental factors in conducting research in the 
setting of a physics laboratory. Several areas were 
omitted from the research clusters in Space Physics, 
because although they would normally be included in 
a comprehensive study of physics, they have either 
been researched satisfactorily in terrestrial labora- 
tories or they are covered by other disciplines, 
notably astronomy, meteorology, and Earth physics. 

I he research clusters were developed in three general 
laboratory ireas: physics and chemistry laboratory, 
plasma physics laboratory, and cosmic-ray laboratory. 
Within the concept of a physics and chemistry 
laboratory, the effect of zero-g on such phenomena as 
liquid-vapor interfaces and on the production of 
materials having superior physical characteristics is an 

* It dors lo wavelengths ranging from *>00 A n> a lew microns 


important area for study. Understanding these phe- 
nomena is basic to the possibility of producing, in 
space, materials (hat could not be produced on f'arlli 
but may have a wide range of applications. 

In cosmic-ray physics, very little is known about the 
abundance and nature of cosmic rays that are of 
interstellar origin. The objectives of the cosmic-ray 
research clusters are to study properties of primary 
eosmic radiation in the l() 10 to I0 15 electron-volt 
energy range and to utilize the primary cosmic-ray 
energies that are available in space for interaction 
physics experiments. The envisaged cosmic-ray labor- 
atory will contain basic instruments for the measure- 
ment and identification of cosmic particles at various 
energy levels and will be capable of being reconfig- 
ured as icquired to meet the needs of different 
experiments. 

In the field of plasma physics, a primary requirement 
is to study the spatial extent of the region of 
perturbation that results from the introduction of 
any object into the space plasma Perturbation caused 
by the research facility may handicap or preclude 
long-term study of environmental characteristics u\g.. 
electron density and temperature, ion temperature 
and species, and electric and magnetic fields out the 
facility orbit). Also, plasma physics measurements 
have some characteristics that are unique with respect 
to the remainder of the research program derived in 
the study. Ill is is the only area in which the local 
environment of the space research facility will be 
sampled. Research and measurements are not being 
performed in the facility but rather from the facility 
and in the medium. I Ims, plasma measurements 
depend critically on the orbital parameters, and. 
indeed, completely different sets of research activities 
can be defined for different sets of orbits. 

Communications and Navigation 

Unlike many disciplines in which increasing man’s 
scientific understanding is the objective. Communica- 
tions and Navigation is primarily concerned with 
providing new or expanded user services, for com- 
munications, the development of advanced space 
systems constitutes an extension of existing capa- 
bilities in providing customer services. The area of 
navigation involves position locations, surveillance, 
and control of high-speed transportation vehicles, as 


well as communications. The relation of resc reh in 
this discipline to research in other disciplines is most 
easily explained by the need for data. Whatever the 
research and whatever the measurement, the end 
result is data, and the management of that data is 
vitally affected by Communications and Navigation 
capabilities, I he research clusters for this discipline 
are grouped into five areas: noise; propagation; lest 
facilities for the deployment, calibration, demonstra- 
tion, and testing of equipment in space; communica- 
tions systems; and navigation systems. 

l arth Observations 

I he discipline ol faith Observations was approached 
in seven areas. In l arth physics, the first, the research 
clusters are concerned with geodetic surveys, photo- 
graphic coverage of the l arth, and the identification 
of such phenomena as volcanic activity. One of the 
objectives in the second area agriculture, forestry, 
and range resources is that of gathering data of 
higher quality, containing more information, and 
costing less money than the data used presently by 
the United Stales Department of Agriculture. These 
data are primarily photographs used extensively by 
agriculturists to classify, map. and measure vegeta- 
tion, soils, and land use. Researchers have evidence to 
suggest that accurate yield predictions can be based 
on this kind of information; and disease and insect 
inlcstation of crops and soils, as well as areas of air 
and water pollution, can be located. Research con- 
cerned with forestry and range condition calls for 
collection of data on species, vigor, and yield of 
managed and unmanaged forest, range, and wild 
lands. Objectives lor the third area, geography and 
cartography, involve questions about the faith’s 
surface (the answers to which will facilitate regional 
planning studies), the effective use of resources, anil 
transportation activities, among others. In the field of 
geology, the lourth area, disaster avoidance, 
location of mineral and oil deposits, disposal of 
waste products, and use of geothermal energy 
sources for heating and power are among the 
items that receive particular emphasis. The fifth 
area, hydrology and water resources, has a number 
ot areas of research that have immediate practical 
application, the most prominent of which is 
probably the identification of pollution. Several 
research clusters address the problem, not only 
Irom the necessary point of view of how and 


where supplies of fresh water are betas wasted 
but also tram the more positive one of loea ini' 

!^rtw , T“ ° r ,h t" »»'«» 
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will he 01 steal benelil in the underslandil „ 
-- Populatinn tvnannes and fish resources as 
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traceability of research clusters 

rile traceability concept Initiated in the overview 
analysis and applicable lo the resnhi ns erh tad 
ntsues ,S carried one step further In lta mHudns ol 
vnlical issues into research clusters. The Ihd I,-, ' in 
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suppoii rm; tec hnol oa y 

Technology developments to support nl ..... . i 

research must be identified early enough for them to 

rtLC'.'i ° Wh0n " CCt,od for ‘‘ Particular mission or 
reseat eh program. The forecasting of future techno 

!*"»' ^ 1 ’;'" and ret, uiren, cuts, Iherdbiv w " 

an essential part ol this study. Specific requirements 

identi'r P | ,r, "i S kchnol ° 8y development (STD) were 
luihlied whenever future requirements did not 

‘ 1 ptfar to bc sa,lsfi * ? d by present technology. 

Sll) RFQUIRKMHNTS DHRIVFD FROM 
RliSHAROI CLUSTFRS 

Hach research cluster description was analyzed by •, 
ember o the study team knowledgeable in the 
vo ved discipline. Whenever technology require- 
, S ,n ,hc c,lls,cr appeared to (he analyst to exceed 
li t known lechnology, he established a candidate 
M ) letpi.renwn,. When all such candidate require^ 
oi a cluster had been compiled, the an iJvst 
eon siillcd will, Ihe discipline spcciahd who t,d 

d ile V 'sTI) H ’ US '"' klc "' il > addilional candi- 
, ' . f. TD inurements considered relevant by the 
discipline specialist, and to ensure a consensus ,s to 
which candidates were valid STD requirements An 
STI) 'Requirement Description form was then filled 

^STlfr V ,VqUirCment - For entire study 
“ , TD 'eqm'cments were identified: the deserin 
"on lorms appear in „,c Sludy Final l^or, ,scc 


Ol - 1 kLOPMENT REQUIREMENTS 

I’rclacc), and summary dala on the entire uroui. ..... 
preset. led in Table I. coup art 


On Che STI) Requirements Description form Ihe 

technology Bap, are described by indit ,e . 
needed lechnology and Ihe presen, level of ,e I 
nology will, respect ,|,at need. The esw rch 
clusters lo which each STD requirement is retev m 

iishtT in ih" " IC IOnm - 80 llw traceability estab- 

analysis and carried Ihroueh 

• ta llm ST,T d ls ‘■’’"ended 

iiiuuuc me SID requirements. 

Implementation of the various ctp 

anticipated by means l ,i v ' W| ‘" a '" K,nls is 

theoretical studies and resea'rch loZZ*™,!™ 

™ M ' ,SI or " ,c “Pfri'ncmul 

sZe ol i^ „ , SlK ' d °" Bfonnd, although 
Ol It must be performed in the Faith mbit 

environ, nenl in order to obtain Ihe dala neocss irv o 

.. Sly specific development requirements. On each 

L* — ' DCSai| ’' i0 " lu ""' '"ererore, one 
activities necessary to implement the STD 
•I irenien, are identified under one of 
cadings. studies, experiments in space, experiments 
n space, and developments. The programmaii ■ 
aspects ol each STD requirement arc addrewd ta' l.c 
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important to the related research; (2) other STI) 
requirements derived in the study, or known from 
ongoing activities with which the activities indicated 
lor SID requirement could he integrated; (3) any 
promising development approaches known to the 
dudy team; (4) special facilities required; (5) the 
estimated time and cost to achieve the required 
advancement; and (Man estimate of the confidence 
lhai the desired advancement can he achieved. Trends 
observed in each study discipline are discussed in the 
following paragraphs. 

Manned Spaceflight C apability 

l ilty-lhrce STD requirements were identified in the 
Manned Spaceflight Capability discipline. Of these. 
4<> were derived from the four areas related to space 
medicine: biomedicine, behavioral research, man- 
machine research, and lile support and protective 
systems. Key items include the need for orbital 
facilities to support the animal research program in 
biomedicine, performance aids to support man- 
machine research, and techniques and instruments for 
gathering crew-behavioral data on a noninterference 
basis to determine group dynamics and personal 
adjustment in the space environment. 

I lie lesearch clusters derived f mu the engineering- 
experiment and operations-experiment areas of this 
discipline underscore the necessity for considering 
not merely an SI’I) requirement that answers the 
specific needs of an individual duster, but also for 
considering such a requirement m the broader 
context ol the entire study. bor example, one 
opera! ions-experiments research cluster ( I-OI -3) has 
a specific SID requirement (Ob'- 1 in Table I) fora 
study to define extravehicular-activity (bVA) tech- 
niques for assembling large antennas in space. Since 
many problems concerning l ; VA have yet to be 
solved, however, the description form for this STI) 
requirement recommends an I'VA study that is much 
broader in scope than that necessary merely for the 
research cluster in question. 

Space Biology 

Ol the 21 STD requirements identified for Space 
Biology, only two (automated microbial identifica- 
tion system B-14, and advanced plethysmograph Bl‘>) 
identify equipment or techniques that are not 


presently available lor ground-based research, and 
therefore require an advancement in current tech- 
nology rather than a redesign for zero gravity. Seven 
ol the remaining STD requirements are associated 
with equipment presently available for ground use, 
but whose functions involve gravity-dependent fluid- 
How characteristics and would consequently require 
redesign for zero-gravity use. Similarly, five of the 
tequirements are associated with equipment whose 
Inactions involve gravity-dependent mass effects and 
require modification on that basis. The remaining 
requirements are distributed among studies to 
redefine laboratory equipment that in its present 
iorm would have an unfavorable effect on the space 
reseat eh facility , and studies to define procedures and 
techniques. 

A high degree of commonality exists across the 
vatious Space Biology research clusters in regard to 
SID requirements. Twelve requirements relate to 
more than one research cluster; of these, six fulfill 
needs Irom all research areas. Vertebrate research 
i equipments are the most specialized and include six 
that i elate to single research dusters. Protist and 
tissue culture research have three unique require- 
ments, and plant research and invertebrate research 
have none. 


?>pace Astronomy 

I hit teen primary technology requirements were 
identified for Space Astronomy. The development of 
high-resolution optical telescopes for use in space will 
lequirc many technological innovations. The 
assembly and alignment of large diffraction-limited 
telescopes in high orbits (possibly synchronous) will 
require some generally exotic concepts even for 
feasibility assessment (A-5). Such studies are impera- 
tive, not only because they affect any mission using 
this instrument but because they may affect the 
design of the instrument itself. Advancements in 
technology ol Space Astronomy include such items as 
intoimalion-storage systems, speclrographic equip- 
ment. photometric devices, photographic films, and 
electronic sensors. Among the least-addressed subjects 
in Space Astronomy are target acquisition (A-IOand 
A-I.D and the development of a practical celestial- 
coordinate relerenee system. The majority of Space 
Astronomy research cannot be effective without such 
a standardized reference system. Photographic film 
will likely play a very important role in this 
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Table I (Page I of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 


STD 

Requirement 

No. 


BM-8 

BM-‘> 

BM-IO 

~BM.lT 
BM-12 
hr. i 

BR-2 

BR-.1 


MM- 1 
MM -2 
MM -3 
MM -4 
MM-5 

MM -6 
MM-7 
MM-8 
MM-4 
LSI 


STD Requiremeni Title 
Manned Spaceflight Capability 

Body Fluid Analysis 
Noil-Invasive Central Venous Pressure 
Measurement 

Animal Toxioeologieal Chamber 
Manned Orbital Animal Research Facility 
Radiation Source 

Space Thermal Enclosure 
Sensitive Quantitative Evaluation of Reflex 
Functions 
Endoradiosonde 
Animal Sensors 
Animal Modules 

Body Volumeter 

Measurement of Transpulmanory Pressure 


Audio Tone Source 

Psychomotor Tests in Simulated Zero-G 

Cognitive Measurement Test Module *~~~ 
Automated Behavior Data From Video and 
Audio Records 

Verbal Behavior Assessment Program 
Hazardous Complex Tasks 
Training Problems and Equipment 

Display /Control Computer Capability 
Display /Control Experimental Apparatus 
Dark Adaption Equipment and Techniques 
Portable Metabolic Analyzer 
Onbody Accelerometer 

Habitability Experiment Support Package 
Emergency Reaction Time From Sleep 
Equipment for Sleep Experiments 
Performance Aids 

Multipurpose Fluid Physics Apparatus 

Zero-G Condenser 
Catalyst Bed Poisons 
Negative Pressure Device 
Zero-G Phase Separator 
Automatic Potability Measure 


Critical or 
Important 
To Research 


Types of 
STD 

Activities* 


* Activities: S Studies SI Experiments in Spaa- NE Experiments Not 


D 

S.NE.D 

NE.D 

S.NE 

S.NE.D 

1 ) 

D 

SE.NE 

D 

D 


Confidence 
In Achieving 
Advancement 


Moderate 

High 

High 

High 

High 


C SE.NE, D I 

I D | 

I NE.D I 

C SE.NE, D I 

C S.D | 

in Space D Developments 


If) 


STl) 

Requirement 

No. 


LS-7 

L.S-8 

LS-‘> 


IS- 10 


IS- 1 1 


LS-12 
l SI .1 
IS- 14 
LS- 1 5 
IS- Id 

IS- 1 7 

ill 
11-2 
PE-.i 
I I -4 


11-5 

PE -ft 
01-1 


U-l 

B-2 

B-2 

B-4 

B-5 


B-ft 

B-7 

B-8 

B- l > 

B-IO 


B-l I 
B-l 2 
B-1.1 
B-14 
B-l 5 


B-l ft 
B-l 7 
B-l 8 


Table I (Page 2 of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 


STD Requirement Title 


Low-Plow Melenng Device 
Separation of Pflluenl Gases Prom Electrolyte 
Identification of Contaminants in Electrolysis 
Products 

Evaluation of llydrogenomonas Eutroplia 
Reaction Chamber 

Integration of llydrogenomonas Eutroplia 
System Components 

Development of CO, Removal Methods 
Boiling and Condensing Steam 
Waste Management Systems 
Microbial Detection and Suppression 
Systems Integration of Sensors 

Waste Management System Concepts 
Biowaste Electrical Propulsion 
Biowaste Resistojets 
Biowasl<> Resislojet EVA 
La ser Ranging System 

Landmark Tracker System 
Long-Range Optical Communications 
Assembly Techniques Study 

Space Biology 


Amino Acid Analyzer 
- 1 80° C Tissue Pree/er 
Zero-G Animal Cages 
Animal Biocentrifuge 
Surgical Procedures 

Zero-G Autoclave 
Zero-G Incubator 
Tissue Processor 
Activity Platform 
Visual Cliff 

Animal Ma/e 

Bunsen Burner Substitute 

Liquid Handling 

Automated Microbial Identification 
Zero-G Homogenize! 

Dialysis Equipment 
Blood Cell Counter 
Pluid Electrolyte Analyzer 





Estimated 

Critical or 

Types of 

Confidence 

Times to 

Important 

STD 

In Achieving 

Achieve 

To Research 

Activities* 

Advancement 

(Months) 

1 

D 

High 

24 

C 

NE.D 

High 

30 

C 

S.NE.D 

High 

24 

C 

D 

High 

12 

C 

D 

High 

24 

C 

D 

High 

24 

C 

NE.D 

High 

24 

C 

D 

High 

24 

C 

S.NE.D 

High 

ft() 120 

1 

D 

High 

24 

1 

S 

High 

12 

C 

S.NE.D 

High 

.1ft 

c 

S.NE.D 

High 

21 

c 

S. NI- 

High 

0 12 

c 

ST) 

High 

.1ft 

c 

S.l) 

High 

18 24 

c 

S.D 

High 

.1ft 

c 

S.NE 

High 

IK 


C 

S.SE.D 

High 

48 

C 

D 

High 

12 24 

c 

D 

High 

12 24 

c 

D 

Moderate 

ftO 

c 

S.SE 

High 

12 

c 

D 

High 

12 

c 

D 

High 

12 

1 

D 

High 

12 24 

1 

S.D 

High 

12 24 

1 

S 

High 

12 24 

1 

S.D 

High 

.1ft 

1 

S 

High 

ft 

c 

S.SE.NE 

High 

24 .1ft 

1 

D 

High 

ftO 

c 

D 

High 

12 

c 

D 

High 

12 

1 

D 

High 

12 24 

c 

D 

High 

12 24 
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. Table I (Page 3 of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 


STD 

Requirement 

No. 

STD Requirement Title 

Critical or 
important 
To Research 

Types of 
STD 

Activities* 1 

Confidence 
In Achieving 
Advancement 

Estimated 
Times to 
Achieve 
(Months) 

B-19 

B-20 

B-2 1 

Advanced Plethysmograph 
Small Particle Mass Measurement 

Equipment Analysis and Integration 
Space Astronomy 

1 

C 

1 

D 

S.SE.NE.D 

S 

High 

Moderate 

High 

6 12 
36 60 

12 24 


A-l 

A-2 

A-3 

A*4 

AS 

A .A 

High-Resolution Optical Systems 
Electronic Image Intensifiers (Stellar 
Astronomy) 

Telescope Operation In Space 
Orbit-To-Orbit Shuttle Requirements 
Assembly and Alignment of High-Resolution 
Telescope In Space 

C 

C 

c 

1 

c 

S.SE.NE.D 

SJ) 

S.NE 

S 

S.SE.NE 

1 Low 
Moderate 

Moderate 

High 

Low 

120 

12 

12- 24 
12 
38 

A-7 

A-8 
A -9 

A- 10 

A.I 1 

Developments for Use of High-Resolution 
Telescope 

Development of Use of Photographic Film for 
Space Astronomy 
High-Resolution Optical Telescopes 
Electronic Image Intensifiers (Planetary 
Astronomy) 

Acquisition of Celestial Targets 

c 

c 

c 

1 

c 

S.NE 

SJSE.D 

S.SE.NE.D 

S.D 

S.NE.D 

Moderate 

Moderate 

Low 

Moderate 

Moderate 

1 2- 18 

23 

120 

9 

24 

A-l 2 
A- 13 

High-Precision Stellar Photometry 
Cooling of Solar Astronomy Telescopes 
Acquisition and Tracking of Solar Targets 

c 

c 

c 

S.NE.D 

S.NE.D 

S3E.NE.D 

Moderate 

Moderate 

Moderate 

18 36 
30 
39 


Space Physics 





P-l 

P-2 

P-3 

P-4 

P-5 

P-6 

Mass Spectrometer 
Gas Chromatograph 
Pyrometer 

Apparatus for Liquid/Vapor Studies 
Low-0 Accelerometer 

1 

1 

c 

c 

c 

S 

S 

D 

ST) 

S,SE 

High 

High 

High 

High 

High 

12 

12 

12 

24 

24 

P-7 

P-8 

P-9 

P-10 

P. 1 1 

Low-G Isolation Mounts 
C rystal Growing Apparatus 
Zone Refining Apparatus 
Production of Hard Vacuums 
Contamination by Physics Apparatus 

c 

c 

c 

c 

1 

S.SE.NE 

S,D 

S 

S.SE 

S.NE 

High 

High 

High 

High 

High 

12 

18 

6 

24 

18 

r - 1 i 

P-l 2 
P-13 
P-14 
P-15 

Melting Apparatus 
Sample Centering Device 
Film Drawing Experiments 
Optimum Material Heating 
Cosmic Ray Experiment Package 

c 

1 

c 

1 

c 

S.D 

S 

SE 

S 

S.D 

High 

High 

High 

High 

High 

24 

6 

18 

9 

33 
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Table I (Page 4 of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 


STD 

Requirement 

No. 

STD Requirement Title 

Critical or 
Important 
To Rcscurch 

Types of 
STD 

Activities* 

Confidence 
In Achieving 
Advancement 

Estimated 
Times to 
Achieve 
(Months) 

P-16 

Laser holography 

1 

S 

High 

12 

P-17 

Contaminant-Proof EC&LS System 

C 

5.NE.D 

Moderate 

48 

P-18 

Heat Transfer Chamber 

C 

D 

High 

12 

P.|9 

Superconducting Magnets 

1 

S 

High 

1 2 

P-20 

Integrated Physics Apparatus 

1 

S 

High 

18 

P-21 

Wicking Apparatus 

C 

D 

High 

12 

P-22 

G-Level Control 

C 

S.D 

Moderate 

30 

P-23 

Heat Transfer Apparatus 

C 

D 

High 

24 

P-24 

Apparatus for Controlled Density Material 

C 

Si) 

High 

30 


Study 





P-25 

Film Video Tape Trade Study 

1 

S 

High 

12 

P-26 

Onboard Film Processing 

1 

D 

Moderate 

24 

P-27 

Transition Radiation Detector 

1 

S.NE.D 

Moderate 

36 

P-28 

Superconducting Materials 

1 

S.NE 

Moderate 

36 

P-2‘) 

Cryogenic Systems 

C 

S.SE.NE 

High 

24 

P-30 

Plasma Physics Subsatellites 

c 

S.D 

High 

48 

P-31 

DC Electric Field Measurements 

1 

S.NE.D 

Moderate 

36 

P-32 

Plasma Diagnostics Techniques 

1 

S 

High 

q 

P-33 

Barium Cloud Apparatus 

c 

D 

High 

30 

P-34 

Intense Electron Sources 

1 

S.SE.D 

High 

24 

P-35 

Research in Plasma Physics 

c 

S.SE 

High 

60 

P-36 

Apparatus for Superfluidity Tests 

c 

S,D 

High 

36 

P-37 

Dewar Viewport Studies 

c 

S.D 

High 

<■) 

P-38 

Cryogenic Remote Handling 

c 

S.NE 

High 

12 

P-3 1 ) 

Supci fluid Research 

c 

S 

High 

36 


Communications and Navigation 





C-l 

l )4-GH/ Amplitude and Phase Measurement 

c 

1 ) 

Moderate 

36 


System 





C-2 

MM-NVave Experiment Plan 

c 

S 

High 

1 2 

C-3 

MM-Wave Experiment Package 

c 

D 

High 

24 

C-4 

Broadband Modulators 

c 

S.D 

High 

33 

C-5 

High-Speed Correlator 

1 

S,D 

High 

24 

C -6 

Laser Telescope Alignment 

1 

S.SE.D 

High 

84 

C-7 

Improved Satellite Tracking 

1 

S.D 

Moderate 

36 

C -8 

Subsatellitc for Navigation 

c 

D 

High 

36 

C-9 

Transponders for Navigation Satellites 

1 

D 

High 

14 

C-IO 

Data Processing Software 

c 

S.D 

High 

36 

C-ll 

Satellite Position Determination 

1 

S 

Hieli 

1 

C-l 2 

Laser Radar Development 

c 

D 

High 

^4 

C-l 3 

Autonomous Navigation Sensors 

c 

D 

High 

36 

C-l 4 

Improved Position Determination 

1 

S.D 

High 

36 
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Table I (Page 5 of 7) 

SUPPORTING 1 ECIINOLOGY DEVELOPMENT REQUIREMENTS 


STD 

Requirement 

No. 

Cl 5 


C-IO 

('•17 

C-18 

Cl‘> 


C-20 

('•21 

('•22 

('•23 

('•24 


('•25 

(’•26 

('•27 

(•28 

C-2‘> 


('•30 


If -I 
I E2 

11-3 
EG- 1 

EG- 2 


EG- 3 
EG *4 
EG -5 
EG -6 
EG- 7 


I G-8 
I GO 
Ell- 1 
I 11-2 
I 11-3 


EH-4 
HO- 1 
EO-2 
EO-3 
10-4 


10-5 

10-6 


STD Requirement Title 

Software Development for Autonomous 
Navigation 

Subsatellites for Surveillance 
Transponders for Surveillance Sy stems 
Traffic Control Computer Software 
Collision Avoidance Hardware 

Emergency l ocation Signal Detectors 
Software Development for l ocation Methods 
Low Noise Receivers 

( omputcr Software for Noise Measurements 
Noise Souiee Identification Plan 

Digital lonosonde 

Higher Efficiency RE Transmitters 

High Power RE' Transmitters 

Computer Software for Propagation Experiments 

Self-Steering Phased Array Antenna 

Optical Communications System 
Earth Observations 


Vegetation Species Signature 
Soil Series Signature 
Crop Yield Signature 
Quantification of Volcanic Morphology 
Multispeclral Signature of Rocks 

Mullispectrai Signature of Rock ;,nd Soil Types 
Waste Elow Pattern Determination 
Multispeclral Signature Waste Storage Sites 
I user Interferometer Relay System 
Multispeclral Signature of Geothermal Sources 

Homier Transform Analysis of Land forms 
I hernial Sensing of Seamounts 
Water Pollution Identification Techniques 
Snow/lce Depth Measurement Techniques 
Model of Snow/lce Depth Signature 

Soil Moisture Measurement Techniques 
Ocean Pollution Identification Techniques 
Ocean Pollution Model 
Heat Elow Measurement Techniques 
Sea Surface Heating Model 

Chlorophyll Concentration Model 
Ocean Population Measurement Techniques 


Critical or 
Important 
To Research 

Types of 
STD 

Activities* 

Confidence 
In Achieving 
Advancement 

Estimated 
Times to 
Achieve 
(Months) 

C 

S.D 

Moderate 

24 

C 

D 

High 

36 

1 

D 

High 

24 

1 

S.D 

Moderate 

36 

C 

S.D 

High 

27 

1 

D 

High 

12 

1 

S,D 

High 

24 

c 

S.D 

Moderate 

3‘) 

1 

S.D 

High 

36 

c 

S 

High 

(2 

1 

D 

High 

12 

1 

S.D 

High 

45 

c 

D 

Moderate 

24 

1 

S.D 

High 

18 

1 

S.NE.D 

High 

36 

c 

S.D 

High 

48 


e 

SE.NE 

High 

36 

c 

SE.NE 

Moderate 

36 

i 

SE.NE 

High 

36 

c 

NE 

High 

12 

c 

ne: 

High 

12 

c 

NE 

High 

12 

c 

NE 

High 

24 

c 

NE 

High 

36 

c 

NE.D 

High 

12 60 

e 

NE 

High 

12 

i 

NE 

High 

12 

i 

NE 

High 

12 

c 

NI- 

Moderate 

24 

i 

NE 

Moderate 

! 2 

i 

S 

Moderate 

6 

c 

NI- 

Moderate 

12 

c 

NE 

Moderate 

24 

c 

S 

Moderate 

24 

c 

NE 

Moderate 

12 

1 

S 

High 

12 

1 

S 

Moderate 

12 

c 

NE 

Moderate 

12 


20 


Table I (Page 6 of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 







Estimated 

STD 


Critical or 

Types of 

Confidence 

Times to 

Requirement 


Important 

STD 

In Achieving 

Achieve 

No. 

STD Requirement Title 

To Research 

Activities* 

Advancement 

(Months) 

1*0-7 

Fish-Chloiophyll Correlation Model 

1 

S 

Moderate 

12 

EOS 

Radar Determination Sea Height 

1 

S 

Moderate 

24 

E0 9 

Ocean Current /Height Model 

C 

S 

Moderute 

12 

EO-IO 

Ice Distribution Model 

1 

S 

Moderate 

24 

EO-II 

Ocean Salinity Measurement Techniques 

1 

NE 

Moderate 

12 

EX). 12 

Ocean Physical Properties Model 

c 

S.NE 

Moderate 

24 

10- 1.1 

Ocean Depth Model 

c 

S,NE 

Low 

24 

10- 14 

Boundary Processes Measurement Techniques 

1 

NE 

Moderate 

24 

10- IS 

'Sea Surface Roughness Measurement Techniques 

c 

NE 

High 

24 

EO-16 

Sea Surface Roughness Model 

1 

S 

Moderate 

24 

10-17 

Active/Passive Microwave Radiometry 

1 

NE 

High 

24 

EMI 

Atmospheric Boundary Layer Model 

c 

S 

Moderate 

24 

EM-2 

Atmospheric Effects by Surface Alterations 

1 

S.NE 

Moderate 

24 

EM-3 

Sferics Data Interpretation 

1 

NE 

Moderate 

36 

EM-4 

Stellar Scintillation Effects 

1 

SE 

Moderate 

24 

EM-5 

Atmospheric Density Applications 

i 

S 

High 

12 

EMC 

Atmospheric Density by Dual Spacecraft 

1 

SE 

Moderate 

36 

EM-7 

Zero-G Cloud Physics l aboratory 

c 

S,D 

High 

36 

EM-8 

Aerosol Droplet Handling 

1 

SE 

High 

6 

EM-‘> 

Cloud Physics Experiment Priority 

1 

S 

High 

12 

EM- 10 

Cloud Physics Laboratory, Related Uses 

1 

S 

High 

12 

EM- II 

Coherent Radiation Pollution Detection 

1 

NE 

Moderate 

12 

EM-12 

Atmosphere Pollution Signature Analysis 

c 

NE 

Moderate 

48 

EM- 13 

Atmosphere Model of Pollution Effects 

c 

S 

High 

24 

EM- 14 

Tropical Cloud Systems Model 

c 

NE 

High 

18 

I'll 

Twin Metric Camera 

c 

D 

High 

24 

El-2 

Multispectral Camera 

c 

I) 

High 

24 

El -3 

Ten-Band Multispectral Scanner 

c 

D 

High 

36 

El -4 

Side-Looking Radar Imager 

t 

D 

High 

48 

El-5 

UV-Visible Absorption Spectrometer 

c 

NE.D 

Moderate 

24 

El -ft 

Multi-Channel Ocean Color Sensor 

c 

D 

High 

18 

El-7 

Radar Altunel’ , r/Scatterometcr 

c 

D 

High 

24 

El-8 

Microwave Scanner Radiometer 

c 

D 

Moderate 

60 

El-9 

UHF Sferics Detector 

c 

D 

High 

24 

El-10 

Data Collection System 

c 

D 

High 

36 

El-1 1 

Star Tracking Telescope 

c 

D 

High 

31 

El- 12 

Zero-G Cloud Physics Chamber 

c 

D 

High 

48 

El- 13 

Photo-Imaging Camera 

c 

D 

High 

36 

El- 14 

Infrared Interferometer Spectrometer 

c 

D 

Moderate 

24 36 

El- 15 

Multispectral Tracking Telescope 

c 

D 

Moderate 

48 

El- 16 

Infrared Selective Chopper Radiometer 

c 

D 

High 

30 

1117 

Infrared Filter Wedge Spectrometer 

c 

D 

High 

24 


Table I (Page 7 of 7) 

SUPPORTING TECHNOLOGY DEVELOPMENT REQUIREMENTS 


STD 

Requirement 

No. 

STD Requirement Title 

Critical wr 
Important 
To Research 

Types of 
STD 

Activities* 

Confidence 
In Achieving 
Advancement 

Estimated 
Times to 
Achieve 
(Months) 

II-IH 

ELI*) 

11-20 

11-21 

11-22 

Infrared Temperature Sounder 
Satellite Infrared Spectrometer 
Temperature Profile Radiometer 
Visible Wavelength Polar imeter 
Ultraviolet Imager/Speclrometer 

C 

C 

C 

C 

C 

D 

D 

1) 

D 

D 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

24 

12 24 
40 
Jo 

48 

11-2.1 

ESI 

ES-2 

IS.) 

ES-4 

l aser Altimeter 

Ground Data Processing Center 
Automatic Data Transmission System 
Space Radiation Effects on Films 
Temperature-Humidity Effect* on Films 

C 

C 

1 

1 

1 

SE.NE.D 

D 

S.l) 

SE.NE 

NE 

High 

High 

High 

High 

High 

48 

Jo 

48 

4 

0 

ESS 

ISO 

ES-7 

ES-8 

es-u 

Photographic Film Storage Vault 
EVA Instrument Maintenance 
EVA Antenna Deployment 
Earth Observations Crew Operations 
Photo-Processing System 

c 

1 

1 

1 

c 

D 

S SE.NE 
S.SE.NE 
S.SE.NI 
S.D 

High 

High 

High 

High 

High 

12 

7 

7 

10 

18 Jo 

ES-10 
ES-1 1 
ES-12 

Photo-Interpretation System 
Spacecraft Effluent Effects 
Remote Data Degradation Effects 

c 

1 

1 

S.D 

S .SE.NE 
NE 

High 

High 

High 

22 

27 42 
12 


discipline. About o() percent of the observations in 
the ultraviolet and x-ray regions require Schumann- 
type film, which must he processed wet in zero 
gravity, a problem that has not yet been seriously 
addressed (A-7). 


vicinity of the research facility due to the effluent 
cloud around it (P-‘M. I (fluents emitted from various 
vehicle configurations must be measured, and the 
dil fusion rates and electric-charge effects must be 
determined theoretically. 


Space Physics 

A total of J‘> STI) requirements were identified for 
Space Physics, consisting largely of new instruments 
and apparatus. However, some of the STI) require- 
ments are concerned with the interaction of 
instrumentation with the space environment, l-'or 
example, a device is required to measure de electric 
fields as low as I inWm (P-JI ). Plus is a major devel- 
opment requirement in itself, but the effects of 
contact potentials and plasma coupling that arise 
from the space environment complicate the problem. 
Another example is the utilization of the hard 
vacuum of space in materials research at zero-g. 
Studies and research in space are required for the 
evaluation of alternative concepts to overcome the 
problem of insufficient vacuum in the immediate 


Communications and Navigation 

I he user-oriented nature of Communications and 
Navigation is reflected in the JO S l l) requirements 
that were identified in this discipline; most call for 
development of specialized communication hardware 
or lor systems studies related to such development 
Development of a l >4-(illz amplitude anil phase 
measurement system (C-l). for example, is required 
lor millimeter-wave experiments because present 
instruments are limited to IKCillz for automatic 
systems. This requirement involves improvement m a 
current system as does the Sll) requirement on 
autonomous navigation sensors < C-l .D. which calls lor 
improvements in star trackers, radar, and part icularlx 
in landmark trackers. 


Harth Observations 

Analysis of the 34 research clusters in harth Observa- 
tions led to the identification of 82 STD require- 
ments. The general problem of processing the wealth 
ol data obtainable by an orbital observation system 
and disseminating this information to user agencies in 
a usable form and within acceptable time constraints 
is probably the most imposing problem to be 
mastered before an operational system can become 
effective. Included in this problem is the determin- 
ation of the amount of data to be processed in orbit 
lor direct communicatiot »o users. An example of the 
implications of STD requirements is the need for 
spectral signature analysis of images of oceans, rivers, 
and lakes (e.g., EH- 1, EO-i ), to provide near-real-time 
identification and measurement of water-pollution 
sources. 

ANALYSIS OF STD REQUIREMENTS 

Figure 1 1 summarizes by discipline the percentage of 
studies, nonspace experiments, space experiments, 
and development activities identified. It may be 
noted that almost one-tenth of the activities (32 out 
of 371) are experiments in space. Table 2 lists the 
STD requirements that give rise to these 32 activities 
and shows their distribution over the six disciplines of 
the study. These activities are especially pertinent for 
consideration as the nucleus of a spaceborne 
advanced technology research facility. 

Many examples can be cited from Table 2 of the value 
of space experimentation in achieving supporting 
technology developments. A definitive understanding 
of the degree to which man can function in zero-g in 
the deployment and operation of sensors and in the 
processing, interpretation, and dissemination c r data 
is necessary for detailed instrument and support equip- 
ment design. The effect of the spacecraft environ- 
ment on photographic film must be defined, partic- 
ularly with regai d to natural radiation. Data on 
radiation effects as well as on the effects of temper- 
ature and humidity during storage must be put into 
terms of image in terpretability and information 
return to the experimenter. 

Spacecraft effluent effects are another area of 
potentially major influence on the success of many 
research activities in space. The cloud of particulate 


debris and gasses that may result from thrustor 
operations and waste dumps, as well as the electro- 
magnetic interference caused by spacecraft equip- 
ment operation, can severely degrade the quality of 
measurements. The spatial extent, dynamic character- 
istics, and physical constitutents of the near space- 
craft region must be defined explicitly enough to 
enable subsequent research activities to be planned 
with assurance. 


Knowledge of the limits of man’s performance in 
extravehicular activities is essential in formulating 
plans to use him to erect, adjust, and monitor such 
equipment as antennas mounted outside the space- 
craft, and this should be explored through space 
experimentation. Liquid handling the transfer, mix- 
ing, agitation, and removal of bubbles from liquids in 
zero-gravity conditions is another important area for 
which techniques should be developed. Similarly, 
animal tissues will require techniques for removing, 
separating, evaluating, and handling in the space envi- 
ronment. A better understanding of interactions of 
internal and external disturbances on optical instru- 
ments must be achieved, so that designs can accom- 
modate these interactions. Storage and transfer of 
cryogenics in zero-g conditions are essential to the 
completion of sophisticated measurement programs, 
and techniques for these processes should be explored 
in space. Laser altimetry, aligning of laser telescopes, 
technology for measuring space plasma and the 
masses of small particles, recognition of agricultural 
spectral signatures from space, and stellar scintillation 
effects are other areas that should be investigated in 
space to contribute to the implementation of more- 
comprehensive research programs. 


3?» ACTIVITIES DERIVED I 


SPACE EXPERIMENTS 



MANNED 

SPACEFLIGHT 

CAPABILITY 


COMMUNICATIONS SPACE 

AND NAVIGATION PHYSICS 


Figure 11. Distribution of Supporting Technology 
Development Activities 
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Table 2 

STI) SPACE EXPERIMENT DISTRIBUTION 


STI) Requirements 


S TD Work Packages 

Manned 

Spaceflight 

Capability 

Spaee 

Biology 

Spaee 

Astronomy 

Space 

Physics 

C'omnuiniealions 
and Navigation 

Earth 

Ohservalions 

Man's Paiticipation in Earth Oibii.il 
Operations 

MM-d 


A-5 

P-5 >•<» 


ES-o.-7.-S 

Optical Instillment Design l aetois 



A-l.-ld 

P-5 ,•(» 



Effluent Effects 



A-l.-S 

P-0 


ESI 1 

Ciyogcnic S> stems 



A-l. -8 

P0*> 



Phoiogiuphic System technology 
I - Intel Vapoi 1 xpeimients 
1 iqtiiil Handling reclmupies 

1 SO, -5 

Bid 

A-7 



IS-d 

Ammo Acid Analy/ci 


B-l 





Amo Ciiavity Sutgical Pioceduies 


B-5 





Small Panicle Mass Measiiiemenl 
leclmology 


BOO 





Molten Eilm Diawmg and Woikmg 
leclmology 




p 1 d 



Space Plasma Measmement 
feelmology 




P-d4,d5 



1 aset telescope Alignment 
Agueiihme Signatnies E’lom Space 





(’-(> 

EE-I.O.-d 

St el la i Scintillation E' fleets 






EM -I 

Almosplieite Density {'haiaeteiislies 






E'M-ti 

Aeiosol Dioplet Handling 






IMS 

1 asei Alt intetei S> stem 






ElOd 

Numhei of Space I xpenments 







(Total 22) 

.1 

•1 

5 

7 

1 
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PROCRAM MATH’ APPI.K’A HON Ol- SUIM’OR I INC 
IK'IINOI OCY 1)1 VI I OPMI NI 

I'o examine the programmatic aspeets of accom- 
plishing Sll) requirements. Hie individual SID 
activities ( Table I) were primped into logical, 
cohesive work packages, some ol' which are shown in 
lahle 2. Sll) activities of lie same type (i.e., studies, 
experiments in space, experiments not in space, or 
developments) were primped together into the same 


work package if the results derived front one activity 
were judged to influence another. Activities of a given 
type that appeared appropriate for a single contracted 
effort were also grouped into a single work package. 
Many of these Sll) work packages actually involved 
onl\ one Sfl) activity and hence only one STI) 
requirement from fable I. Others included as many 
as 12 Sfl) activities. The total number of Sfl) work 
packages was fairly close to the number of Sfl) 
requirements and the number of SID activities. 


Summarizing I hose slat ist ics, their weir 2.'8 STI) 
requirement'., .?7I S I D activities, anil 2.T* STI) work 
packages. 


Description torms. Figure 12 shows the example 
program and presents the annual funding required 
to support these activities. 


I wo types ol SID work packages from each of the 
six disciplines were chosen for use as examples of 
limv the SID data can he applied to actual planning 
ol an SID program. I'able identifies the work 
packages chosen lor this purpose. For each work 
package, the start time of each constituted! STI) 
activity was determined, giving first consideration to 
Hie degree of dependence of that STD activity on 
such ongoing or potential NASA programs as Skylah 
and Space Station. Of secondary importance were the 
schedules ol these programs and the experiments they 
support. Third in importance was the dependence of 
the SID activities upon the results of other Sfl) 
activities in the work package. Based on these three 
'actors, the start times were ordered and. considering 
Hie durations estimated for each activity, a sample 
schedule was made, and a funding curve was drawn 
using the cost estimates from the Sfl) Requirements 


file example shown in Figure 12 should he viewed in 
turns ot the limited analysis that it represents. It does 
not represent the only way to apply Sfl) data to 
piogramming, hut it does illustrate one way to use 
the inloimalion and one way to analyze the problem 
ot scheduling. Although it was only an example, the 
schedule that was developed revealed some important 
facts about STD requirements: they impact early in 
relation to known programs, beginning with Skylah; 
they depend upon results from these programs; and 
they extend far into the future. 

When mote SID work packages are considered and 
when all the data are further analyzed, the example 
sliovyn may well undergo change. Nevertheless, it 
demonstrates that Sfl) programs can be used to help 
structure near-term NASA programs. The immediacy 
ol the influence of these STD requirements, as 


Table 

STI) WORK PACKAGES CHOSEN TOR PROGRAMMING EXAMPLE 


Study Discipline 


Manned Spaceflight 
Capability 


Work Packages 


Studies 


Space Experiments 


Potability and 
Microbial Deled on 
(ISO. -15) 

Methods of Handling 


Space biology 
Space Astronomy 

Space Physics 

Communications and 
Navigation 

faith Observations 


I iquids in Zero-g 
(b-l.l) 

Logistics and Control 
of Telescopes in 
Space (A-4. -5. -ft) 

Plasma Physics 
Research (I’-.l I , 

-.12. -.14, -.15) 

Millimetei-Wave 
Research (C-2. -4. -S) 

! Model of Ocean 
Dynamics 
(l'0-2, -5, -X, - l ), 

*12, -Id, -lo) 


Fluid-Vapor 

Experiments 

(IS-2.-5) 

Small Particle 
Mass Measure- 
ment ( li-20) 

Assembly and 
Deployment of 
Space Telescopes 
(A-l.-5.-X) 

l.ow-g Measurement 
and Isolation Tests 
(P-S.-b) 

Laser Telescope 
Alignment (C-h) 

Laser Altimeter 
( HI-23) 



IOC INITIAL OPERATIONAL CAPABILITY 


I STO ACTIVITY DURATION CZ=J STO INFORMATION INCORPORATION £ 


8TO MILESTONE DATA 


Figure 12. Example of Supporting Technology Development Program 
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demonstrated by the example, strongly indicates that 
this area should be considered lor emphasis in the 
immediate future, for without the inclusion of 


supporting technology developments in the planning 
o! research lor the next decade in space, the program 
returns will undoubtedly suffer. 


MISSION AND SPAC'D FACILITY PLANNING REQUIRE Ml 




During the last decade, missions were planned to get 
man into space. Onboard experimental equipment 
olten went along incidentally, simply because both it 
and the space were available. Such missions had a 
place in the past, but the aggregate of more than 
10 years ol experience in space has developed more- 
sophisticated ways ol approaching mission planning, 
and the achievements in space during the next 
10 years will depend largely on how effectively this 
sophistication is utilized. 

Operating in space has become a sufficiently feasible 
undertaking that a planner generally has a variety of 
systems from which to choose. Programs for manned 
space research now in various stages of development 
include the Skylab, shuttlc-and-module systems, and 
space stations in various configurations. Skylab, an 
oi biting laboratory, will sustain three periods of 
occupancy by 3-man crews for a total of 140 days 
over a span of approximately 8 months. Karlh-to- 
orbit shuttle systems with either free-flying or 
shuttle-supported experiment modules will provide 
broad research capabilities. For the l‘)80’s and 
beyond, space stations supporting 12-man crews for 
extended periods, and large permanent space facilities 
(known as the space base) capable of housing as many 
as 50 men have been under study. With the wide 
range of options that these programs offer (although 
methods for planning missions are still in their 
formative stages), it is already clear that for research 
missions to achieve maximum effectiveness, the 
requirements of the missions must shape the facilities, 
rather than vice versa. 

bor space research missions to shape the space 
research facilities, the parameters that govern mission 
planning must be thoroughly understood. One of the 
advantages offered by research conducted by man, as 
contrasted with purely automated research, is the 
possibility of simultaneously realizing a variety of 
related research objectives instead of pursuing a single 
experiment, as is usually the case with automated 


missions. I his was emphasized during the current 
study, which uncovered numerous opportunities in 
which researchers in different disciplines could profit 
Irom the same or similar measurements. Thus, while 
all critical issues addressed in a given research cluster 
share, by definition, certain commonalities, it has 
been shown that other research clusters may also 
participate in this commonality. The missions of the 
next decade must be designed to fulfill research needs 
to as great an extent as possible, and at the same time 
to have the flexibility to change in response to the 
stimulus of new objectives that will develop as data 
are acquired. That being the case, the successful 
mission may be defined as the one that accomplishes 
the maximum amount of research with the minimum 
amount of investment. 


I he principal justification for research is to expand 
knowledge. The means by which this is done imposes 
certain requirements on the mission itself and on the 


space research facility. The nature of these require- 
ments varies with the research activity, but many 
activities impose the same or similar requirements. 
The detailed information contained in the research 
clustci descriptions was therefore analyzed to 
identify research activities with compatible require- 
ments, 


1 he lequiremcnts placed on the mission and on the 
space research facility by any planned research 
activity are, in general, both operational and engi- 
neering in nature. The operational aspects concern 
parameters of the space environment in which the 
facility will operate. The engineering requirements 
concern the interface between the facility and the 
subsystems that support the research, man-machine 
relationships, and data acquisition and management. 

RHQUIRFMI NTS RHLATFI) TO THF SPAC’F 
KNVIRONMFNT 

I lie major parameters to be considered in regard to 
the space environment are orbital altitude. 
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inclination, spacecraft pointing orientation, pointing 
•it curacy, and duration. g 


Orbital Altitude 

Research activities for which orbital altitude consider- 

Sli "MITT", f"! in '° lwo “"«**«• •!•<« 

,,v,las ,lldt should be performed in orbit 
synenronous altitude or higher, and research that ha! 
o b, perlormed m low Harth orbits. Analysis of this 

zrzT fmm ,he .■ *«■»■* " •ius.l “i:':;: 

• trt are no specific requirements for orbits of 
Hiimediate altitudes and that 83 research clusters 

Op'Sv'7 a " iludc ' *»»»«■ Space I'lighi 

I* ly and Space Biology investigations *..*> 
essentially independent of orbital parameters, except 
• Ik orbit parameters influence the natural radiation 
• | su re or impose logistical problems Space 

MuhT 0n | ,y | 0bSCrVa,i0,1S involvin « faint sources or 
til it sol ut ion spectroscopy may require synch- 

lonous alluudes duo 10 rcindroincms for long' expo- 

u, 0 tirnos. Some Space Physics invos.igadons ato 

!”rlh Oh ' " l ’ l<ll ' kl " S re B arili "8 orhil sclcclion. In 
.. Observations, the remote sensing rcuuircmenls 

“ ia :rr rec ' r mc,ry - 

represtod „ n , TT a '.' d re.|„iren,e„,s 

Ksuit oibn selection factors to consider The 

orbit altitudes that fulfill most of the requirement! of 

** tll ; up,,no ’ however, lie in the 200- to iS()-nmi 

^ n ^r,^ n,, ”r ica ‘ io, ; s a,ul 

. tc i tain cases involving ground-site observations 


minimum adequate inclination. Other factors tint 
must be considered include the look-angles and the 
angular lields-of-view of the sensors ^ 
measurements. ** 


w i ki d ' r' y rcs ; ,k " k,n «"*» ground swath 
of times .I ^ i,ldina,ion ’ number 

The , • SPaCeCraM PaSSCS ov “‘ « Particular area, 

it hue parameters to consider in selecting 

alfUu e , or any given research activity, th' n 

Jbil tv T i . S T h Wk,tlh and ^ roi, nd-track repeat- 
; . ty . Iahlc 4 8 rou P s Hw various research clusters in 
accordance with altitude requirements. 

Orbit Inclination 

Most requirements for a particular orbit inclination 
Z "" |,os8d "y research lhl d involves ST" 
*™' ,,d «■*. surf** fealure. surface a^ 
P-dK.no, I Ik* coles, hd sphere, for hard, <S r “ 
Pons, die ground large, of highes, la, dude defines ,„e 


A large number of Irull, silos and ,arge, luealions are 

h,stos Th Observations research 

V uslus. These targets can be separated into two 

cgories. truth sites, which are involved in feas- 
bduy demonstration in which the sensor signal must 
be correlated with observations made from lircrift 
and from ground level; and sites that are Z^h! 
•m operational (data-gathering) situation rather than 
ii. an instrument-dcwefopment mode. In an analysis of 

incln i -SL 11 L '■ C . llsters ’ ^ 4 truth sites were identified 
ic hiding existing instrumented field laboratories -md 
projected requirements for new sites, as deHned by 
rmcipa mvestigators. Although these 84 sites are 
all that would be necessary to accomplish tin* 
objectives for is discipline, ihc ™ ?!, Iw 

lllch m'dc’di'sT'l "!• IOr ".' i " 8 of v'ooclusions nhoul 
1C latitude distribution ol truth sites. To cover ill 

;r ,.:r s rro ",’ 'r tar11 ' ° rw '* i',cih,„,i„„s ;, P 

pola. aie lequ.red. Analysis shows, however that if 

z ° r 55 *»«■ «« 

«4 tiuth sites, or approximately 90 percent wonlrl he 
vis, Ide from low orhil. Although SO pcrVj," or ,1 c- 
i c search clusters in Harth Observations require in 

Cd ""n“!m' 70 <k ' 8rccs - "«* o Peru, ioiial 

requirements aie not mandatory in all cases 

cvidenceei by several clusters (e.g. b-l I- , ) whence" 

, fciound sites with latitudes of 60 to 70 degrees is 

SSr 1 '",'’ 1 ' 55 ^ are acceptable* 

;:r s 7T !" e mdmUo " is «*■-. i-or 21 

y. Inclinations are delmed as low (below 

medium to 55 degrees) and high 

ment •.e. 5 tivi i a,CCS, | VV1,,IC many rcsciirch aiul develop- 
ment activities can be accomplished at lower inclin i- 

o'rie n t e el ^ th h*ga th^' *"■ ' ° ^ tha ‘ IOng * tcn,1< operationally 

opendiS' “ , " iSSiM,S Shlfl "™" — h ,o 
Pointing Orienlation and Accuracy 
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Table 4 

ALTITUDE REQUIREMENTS FOR RESEARCH CLUSTERS 


Synchronous or Higher 


Low Earth Orbit (<300 nmi) 

l-EE-4»t 

1 -EE-2 ,4 

6-EP-l . -2 

.UK 

3-OS 

6-A/F-l through -S 

4-PP-2 

3-XR 

6-G/C-l 

5-P-2 

5-N-l , -2 

6-G-l through -5 


S-P- 1 ,-3,-4 

b-H-l through -7 

TOTAL: 4 

S-NS- 1 ,-3,-4 

6-0-1 through -7 

While not a mandatory 
requirement, 3-OB and 
3-OW would favor 
these altitudes 


6-M-l ,-2,-3,-5,-6 
TOTAL: 44 


NOTE: Clusters not listed either have no altitude requirements or these requirements are yet 

to be identified. 


*Translunar or interplanetary 

tThe index code numbers "I •EE-4", “3-LF”, et a!., designate specific research clusters. More descriptive 
titles of these research clusters may be found in Table fa and in the Appendix. 


Table 5 

INCLINATION REQUIREMENTS FOR RESEARCH CLUSTERS 


Low (<30°) 

Medium (30° < i 

i < 55") 

High (>SS°) 

4-PP-2 

5-N-2 

6-G-l through 6-G-5 

4-PP-4 

5 -P-2 

5-P-l , -3 

6-11-1, -2, -3, -5 ,-6,-7 

5-N-l 


5- NS-4, -5. -6 

6- EP-l , -2 

6-A/F-l through 6-A/E-5 
6-G/C-l 

6-0-1 through 6-0-7 
6-M-l. -2, -3, -5, -6 

6-11-4 


NOTE: Inclination requirements are associated with these research clusters. The remaining clusters have 

no specific inclination requirements, or they are yet to he identified. 


on the research facility’s pointing orientation and 
accuracy. The details of such requirements are 
discussed below under Guidance, Navigation, and 
Control, because the impact of these requirements 
makes itself felt in that area of subsystem interface. 
Figure 14 sutnmari/es the pointing and rate require- 
ments for the various research clusters. 


Duration of Mission 

Many research activities in Earth Observations and 
Space Astronomy, because of their viewing require- 
ments, must be accommodated on long-term mis- 
sions. Research in Space Physics on the behavior of 
liquid-gas interface phenomena in /.ero gravity, for 
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Figure 13. Inclination Requirements for Research and 
Operational Missions 


CPACECIWT 



Figure 14. Summary of Research Cluster 
Stabilization Requirements 


example, may require shorter periods of lime in 
space. 1 he duration of ihe mission, insofar as research 
requirements are concerned, is primarily a function of 
data acquisition and is mostly involved with the 
choice ol the vehicle for the mission. 

REQUIREMENTS Rl l A I I I) TO F ACUITY 
INTERFACE WITH SUBSYSTEMS 

Belore the problem of deforming how a spacecraft 
will interlace with subsystems required to support 
planned lescaich can be addressed, a number of 
t actors must be available tor study. The configuration 
of the spacecraft must be at least loosely defined 
although this is not possible until the onboard instru- 
mentation requirements have been determined. An 
instrumentation matrix was, therefore, prepared for 
each discipline, and from these matrices a summary 
was prepared to show which instruments can be used 
in common by research activities in all of the disci- 
plines. It was then possible to consider the space 
vehicle subsystems to determine how the subsystems 
required to support a specific research activity would 
allect spacecraft sizing and how they could be 
inlegreVd with the spacecraft. The volume the sub- 
systems would occupy, the power they would 
require, and the weight they would add to the 
research facility had to be determined before these 
parameters could be meaningfully considered. 

Each research cluster description was examined for 
requirements having a major influence on the 
resources ol the host spacecraft. An interface sum- 
mary chart ( fable (») identifies each research cluster 
and its requirements in terms of \2 important items. 
Hie data thus developed were used to determine 
requirements imposed by research activities on each 
ol the subsystems individually. The individual 
requirements deal specifically with the subsystems for 
electrical power; environmental control; guidance, 
navigation, and control of the spacecraft; propulsion; 
logistics; and data acquisition. 


Electrical Power Subsystem 

from the da.a in fable b each research cluster 
was reviewer for average and peak power 

demands, and a summary of average power 
required for all instrumentation in each research 
cluster was prepared. 
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Electrical power requirements for most of the 
Manned Spacetlight Ca pubility research are gen* 
erally below an average of 500 watts, with most 
averages being iess than 200 watts. The peak power 
demands are usually less than I kw and of short 
duration. Inclusion ol a manned centrifuge onboard 
(required by two clusters in this discipline) means 
that the electrical subsystem must supply a high- 
torque starting power of about 5.3 kw for about 
I minute, or proportionally less for longer starting 
periods, and an operating power of about 200 watts. 
In some research for Space Biology, which generally 
makes moderate demands on the electrical power 
supply (average demand between 80 and 600 watts), 
the use ot a smaller centrifuge for animals may mean 
a peak power requirement as high as 2.5 kw. 

The five optical-region clusters in Space Astronomy 
use common equipment, and average loads vary up to 
1.1 00 watts with peak demands as high as 
l.‘)20 watts. Less electrical power is required for the 
x-ray and low-frequency-radio clusters in this disci- 
pline. Most research activities for Space Astronomy 
will be conducted in an autonomous vehicle, and 
provisions must therefore be made for self-contained 
power supplies. 

Lor Space Physics, the research clusters exhibit 
average power demands from about 50 watts to 
10 kw, with peaks ranging from 200 watts to 20 kw. 
Special power-source provisions will be necessary for 
the 20-kw peak power required for high-temperature 
and high-pressure processing. These requirements 
could call for the shutdown of all other research and 
even absorb the several kilowatts of power intended 
for housekeeping loads. However, these power 
requirements are predicated on an active cooling 
system for the superconducting magnet required by 
the cosmic-ray laboratory. A substantial reduction in 
power demand could result if use was made of passive 
techniques that relied on a logistic resupply of 
cryogens. 

Communications and Navigation research clusters 
have no special electrical power requirements, their 
average being from 25 to 800 watts with peaks up to 
2 kw. 

In the area of Earth Observations, it was found 
possible to accommodate the applicable research 


objectives without placing unusual requirements on 
the electric power subsystem. 

Environmental Control Subsystem 

Most of the electrical energy demanded by individual 
instruments will be converted to thermal energy that 
will have to be dissipated at a rate sufficient to keep 
the equipment within sale operating temperature 
limits (bigure 15), which represents a cooling load on 
the environmental subsystem. An estimate of this 
load is included in the projection ol electrical power 
requirements, so that the electrical power data 
discussed above will reflect the probable cooling load 
presented to the environmental control system when 
the duty cycle of the equipment is factored in. 
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Figure 15. Distribution of Operating Temperatures 
of Research Cluster Equipment 

I lie onboard apparatus must be protected from 
outside sources ot contamination, and hazardous 
expei intents must be isolated from other elements of 
the spacecraft. The biological materials and chemical 
reagents used in the Manned Spaceflight Capability 
and Space Biology disciplines and the materials used 
in the physics and chemistry laboratory investigations 
represent two groups of potential contaminants 
whose presence onboard imposes requirements on the 
environmental control subsystem. 


Guidance, Navigation, and Control Subsystem 


Three types of requirements are generally imposed on 
the guidance, navigation, and control subsystem. The 
first concerns acceleration. Some research requires 
that extremely low acceleration levels be maintained 
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for extended periods of lime (l()"g for hours). The 
amhient acceleration level on a nominally zero-g 
space research facility approaches lO’g. Disturbances 
normally present include gravity gradient torques, 
aerodynamic drag, reaction-control-system thrustor 
tiring, logistics vehicle docking, crew motion, and 
control-momenl-gyroscope torques. During experi- 
ments requiring low acceleration levels, sensitivity is 
such that crew motion must be limited to console 
operation and similar duties. Sustained gravity levels 
oi 10 5 appear possible with passive or active devices 
to attenuate crew motion and other short-period 
disturbances. Sustained gravity levels of less than 10 " 
do not presently appear feasible for manned space 
research facilities, 

I he second type of requirement for this subsystem is 
derived from the need, in l ; art!i-orienled research, for 
determing ground-site position. Most faith Observa- 
tions research has ground-site position accuracy 
requirements of .*,000 and (>.000 feet, and several 
have requirements down to 1,500, or 500, or even 
100 feet as shown in figure lo. which summarizes 
these requirements and indicates the capabilities of 
various systems to fulfill them. 

I'he third set of requirements imposed on the 
guidance, navigation, and control subsystem is that of 
pointing stabilization. I'he requirements for tele- 
scopes are so stringent in some Space Astronomy 


research that conventional attitude sensors cannot 
provide the necessary accuracy, and the experiment 
sensor must provide its own altitude information (for 
example, the 5-meter diffraction-limited telescope 
with attitude-sensing capabilities, for research cluster 
5-ONV). There are experiments (high-precision pho- 
tometry, lor instance), where viewing is through a 
diaphragm subtending an angle as small as I arc- 
second. I'or these cases, acquisition becomes a 
significant problem for which techniques must be 
developed. I'he simple approach of rigidly attaching 
the telescope to an experiment module or space 
vehicle and providing attitude control with control 
moment gyroscopes is rendered impractical in most 
cases by the disturbances acting on the module, such 
as solar panel rotation, fans, and camera shutters. 
Since the amplitude and frequency of such internal 
disturbances are not well defined, the question of 
pointing stability for this type of telescope must 
undergo more study. 

Propulsion Subsystem 

Two areas of potential effect on the propulsion 
subsystem are identified within the reaction control 
system; they are thrust limitations due to acceleration 
constraints, and plume contamination effects. Space 
Physics requirements will be imposed on the reaction 
control systc <o limit accelerations to levels ranging 
Irom 10''’ t. 10'" g, and Hart It Observations and 



Figure 16. Ground Site Position Determination Requirements and Limitations 



Space Astronomy experiments can be degraded if 
diluents contaminate sensors or optical surfaces or 
interfere with transmission of radiation in the vicinity 
ol the camera or telescope. Manned Spaceflight 
Capability investigations do not impose any specific 
restrictions on the reaction control system. In Space 
Biology, many investigations require gravity levels in 
the range of KT to 10 I * * 4 for extended periods. These 
requirements Influence the mechanization and selec- 
tion of reaction control system components. 

I lie low-acceleration-level requirements impose 
thrust-level constraints on the propulsion system, the 
severity ol which is a function of vehicle weight and 
mission operations. Zero-gravity investigations in 
Space Physics and in meteorological cloud-chamber 
research require a low level of acceleration disturb- 
ance ( 10 s g) for extended periods of time. These 
research activities would benefit from a propulsion 
subsystem using low-thrust techniques, such as the 
resistojet. 


I he extent of propulsion-subsystem-plume contami- 
nation is one ol the least-understood of the important 
phenomena associated with spacecraft design. It is 
known, however, that contamination of critical sur- 
faces and the degradation in transmission of radiation 
due lo scattering and absorption are unacceptable. 
Space research facilities must be designed lo minimize 
the contamination of the sensitive instruments called 
lor in the research clusters. 

I ogistics Subsystem 

With regard to the logistics subsystem, the influence 
ol research requirements can be fully appreciated 
only when missions are synthesized; however, study 
ol the individual research clusters did reveal certain 
trends. 

I he most severe demands for resupply and handling 

ol materials involve onboard photographic processes. 

Sixty percent of the research clusters describe a need 

for photographic film or other photosensitive mate- 
riak 11,0 Packaging, thermal and radiation protec- 
tion, handling, storage, onboard processing, retrieval, 
and resupply ol these materials wili be critical to the 
success ol the research. 


Other logistical problems may be encountered when 
cryogenic fluids need to be resupplied on a periodic 
basis. C erlain bait It Observations instruments that 
I unction in the infrared region of the spectrum have 
detectois that must be cooled to cryogenic tempera- 
tures (4" to ; 70” K); communications radiometric 
receivers require cryogenic cooling of the first few Rb 
amplification stages to reduce internal noise to a level 
wheie the incoming low-level radiometric signals are 
not masked. The Space Physics cosmic-ray experi- 
ments use a supercooled magnet assembly that would 
icquire a sizeable supply of cryogens if it is cooled by 
passive means. 

RI QUIRI Ml NTS Rl l A l l I) 1C) MAN 

Among the most limiting constraints that manned 
space research can place upon a space research facility 
aie those imposed because of the presence if man 
himsell. In addition to his requirement for a life 
support system inside the facility, systems for extra- 
vehicular activity are also needed. Crew size imposes 
volume, weight, and power requirements; these are in 
addition lo requirements inherent lo man’s presence. 

I lie extent ol crew participation required in each 
research area was identified, and relevant crew data 
were included in the research cluster descriptions. 

bach experimental task was analyzed lo determine 
the type and level of skill required lo perform the 
task. Skill type was divided into the 20 categories 
shown in b'igure 17. each type representing the range 
of skills normally associated with a particular disci- 
pline. Ihree skill levels were identified, and the 
specialized education or training required for task 
performance was determined. The highest skill level. 

(I) requires extensive education and training in a 
professional discipline, usually representing a Master's 
or higher degree in the discipline. The intermediate, 
oi technician, level (II) requires several years of 
training in the discipline, but not neve sarily a formal 
degree. Skill level III can be achieved through cross- 
lining m 3 months or less by crew members not 
having specific background in the discipline The 
distribution of skills for each of the three levels is 
shown m b'igure 17. along with the number of 
research clusters involved. The general level of 
crew involvement in each research area is discussed 
below. 
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Figure 17. Distribution of Expsriance Levels 



Biomedicine 

Most o» the biomedical experiments require extensive 
crew participation since crewmen will be utilized 
both as experiment monitors and experiment sub- 

S S f nv i Xf T ,mCntS r° ,Ving t,,e cffects of radiation 
and toxicology involve instrumented animals. 

The skill-level II investigator plays an indispensable 
rok in the experiment program. The experiment 
setup, including subject preparation, usually requires 
he participation of an individual experienced and 
knowledgable in physiology. The conduct of the 
experiment, particularly when a preliminary evalua- 
tion ol data validity is involved or when blood 
sampling is part of the experiment regimen, requires 
the same experience level. Cross-trained skill-level III 
crewmen may be utilized for the simple experiment 

HZTZ “ nd , P ° St ' rUn Cleanup ' The experiment 
subjects, a! hough primarily crewmen, in most cases 

must be thoroughly trained m the experimental 
techniques during the establishment of preflight 
baselines. The skill-level I investigator is required in 
only a lew research clusters and then only for a 
minimum of tasks. y 

Before flight, instrumented animals will be prepared 
for automated data production and will require only 
minimum monitoring and general maintenance from a 
crewman. 

The exposure of mice and rats to radiation and toxic- 
contaminants, and the treatment of experimental 


ks ons will require at least a skill-level II crewman 
with s.g„, ficam experience in these specific activities. 
The analytical chemical laboratory will be manned by 
an individual of similar experience. 

Man-Systems Integration 

In general, these experiments are addressed to the 
evaluation of man’s behavior as an individual, in a 
gioup setting, and at the interface with hardware. As 
such, they require heavy participation by the crew as 
experiment subjects. The crew is also involved in 

•md in C ° nd ' ti0nS for individuul experiment runs 
l id in the operation, monitoring, and maintenance of 
experiment measurement equipment. In many of the 
man-systems integration experiments, the manned 

msks m S | ° b M T d are re 6 ular| y scheduled mission 
tasks and will therefore not impose additional time 

~' ltS ° n CrUW mCmbers serving as experiment 

Life Support and Protective Systems 

rhe nature 0 f the specific experiment determines the 

I;;' crcw " lvolve,m> nt- Basic heat and mass 
ranspor experiments are shorter in duration (min- 
utes to hours), but they require setup, startup, data 
taking, and continuous observation by at least one 
crew member. Evaluations of complete life-support 

(week?! 1 * Sl H SySlCmS extend ovcr ,on 8 durations 
(weeks to months) and require close monitoring only 

urmg startup; once in operation, however, they 

depend heavily on automatic data recording, testing 

and controls. The crew must follow a daily schedule 

ol monitoring and must perform weekly equipment 

maintenance. Onboard data evaluation, both from 

direct observation during runs or from recorded tape, 

results S ° reqU,rCd f ° r immcdia,e “«K*n«nt of 
Engineering Experiments 

All of these experiments are concerned primarily with 
the evaluation ol hardware and do not require the 
crew to serve as experiment subjects except for data 
management experiments, where man serves as an 
experiment subject while interfacing with the subsys 
tun hardware. Engineering at skill-level II pre - 
c omi nates lor these experiments, with a minor 
requirement for navigation and communications 
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skills. For several of the engineering experiments, 
support is required from the astronaut crew in 
controlling and maintaining the vehicle in attitude, 
velocity, and torque disturbances. For the most part, 
data collection is automated, with the crew providing 
a monitoring function to assure that instruments are 
operating properly. An important crew function for 
most of these experiments is periodic reconfiguration 
of experiment equipment setups. 

Operations Fxperiments 

The objective of these experiments is to evaluate 
mission operations as a complex of hardware, proce- 
dures, and crew skills. The crew will serve as 
experiment subjects in most of these experiments. 
However, the crew time required for these investiga- 
tions will not be an additional burden since these are 
such operations as the setting up and monitoring of 
the measurement equipment and the recording, colla- 
tion, assembly, storage, and transmittal of data that 
will be performed onboard in any event. 

Space Biology 

This research program lias been divided into the 
following four specimen-oriented research clusters: 
vertebrates, invertebrates, plants, and prolists and 
tissues, each with a preliminary phase, intermediate 
phase, and advanced phase. The preliminary phase of 
all clusters is directed toward the initial investigation 
of general phenomena and will involve extensive 
automation of observations requiring minimal crew 
participation. The nonautomated tasks associated 
with this phase, such as the preservation of speci- 
mens, the identification of developmental abnormali- 
ties, and the separation of individuals according to 
sex are neither time consuming nor complex and may 
be accomplished by a cross-trained (level III) crewman. 

The intermediate phase is characterized by experi- 
mentation in the phenomena for which alterations 
due to the space environment are indicated. Such 
experiments will necessitate real-time observations in 
an onboard laboratory rather than postflight analysis 
on returned specimens. The laboratory analyses are 
expected to involve standard procedures and instru- 
ments modified for spacecraft use. They will, how- 
ever, make increased demands on the experimenter’s 
time, and will require the experience of at least a 


level II investigator. The assignment of this individual 
to space biology research on a nearly full-time basis 
should be anticipated with the part-time assistance of 
two cross-trained crewmen. 

The advanced phase of the research program will 
involve a detailed examination of the mechanisms 
responsible for the observed changes. Although the 
changes to be examined are unknown at present, it 
can be predicted that the investigation will require 
sophisticated techniques and a flexibility of investi- 
gative approach and direction. The onboard presence 
of a principal investigator, or at least a research 
biologist (level I) assigned full-time to the laboratory, 
is required to meet the criteria of this advanced 
phase. The full-time assistance of cross-trained crew- 
men also should be anticipated. 

Space Astronomy 

These experiments generally involve long data-taking 
periods, which are highly automated and conse- 
quently require minimal crew activity. The crew will 
be required to unpackage and activate the experi- 
ments initially, periodically calibrate and check out 
the hardware, and perform servicing and maintenance 
functions. The predominant skill levels required will 
be levels I and II. considering the sophistication of 
the astronomical instruments. 

Space Physics 

Some of these experiments are performed within the 
space vehicle, and some are performed with free- 
flying vehicles released from the space laboratory. 
For the latter, crew involvement includes assembly, 
deployment, and retrieval of experiment equipment 
through the scientific airlock. For all experiments, 
the crew will set up and check out the experiment, 
and perform maintenance as required. During the 
automatic data-taking phase, the crew will monitor 
the operation periodically and change film magazines, 
filters, and lenses as required. When unexpected events 
occur, the crewman will be required to operate 
equipment manually for short periods of time. Film 
will be processed onboard, and a quick-look analysis 
will be performed to check data quality, Consumables 
must be resupplied, and maintenance and calibration 
performed as required. The majority of onboard crew 
support will require skill-level II. 
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Communications and Navigation 

Crew involvement is heaviest at the initiation of these 
experiments for installation, calibration, and initial 
setup of the experiment. For some of these experi- 
ments, crew EVA will be required at the outset in 
performing such tasks as erecting, assembling, and 
visually inspecting antennas, components, feeds, and 
test equipment. During automated data collection, 
crew participation will include monitoring of experi- 
ment operation and the collection of data, monitor- 
ing and control of the remote maneuvering satellite, 
and adjustment of experiment equipment as required. 
An extiemely important function to be performed by 
the crew is periodic reconfiguration of experiment 
equipment either as a scheduled event or in response 
to conditions that the experimenter observes during 
the conduct of experiments. The experimental activi- 
ties in this area will require approximately an equal 
mix of skill-levels I, II, and HI. 


Earth Observations 

The crew is required to set up these experiments 
initially and to reconfigure the equipment period- 
ically. During experiment operation, the crew will be 
required to start the photographic sequences and to 
locate and photograph targets of opportunity. The 
crew is also required to change film, service and 
maintain the equipment, and process the film. 
An approximately equal mix of skill-levels I and II 
will be required. 

The methodology employed in the analysis of crew 
requirements for this study is typical of approaches 
to problems ol this kind and is quite adequate as a 
methodology. The detailed results of the analysis, 
however, should be viewed with caution and should 
be considered more as approximations than as hard 
data. They do, however, serve a useful purpose by 
providing a basis tor order-of-magnitude comparisons 
of the crew requirements for different types of 
experiments. 

REQUIREMENTS RELATED TO DATA 
ACQUISITION AND MANAGEMENT 

The principal product of research activities in space is 
data. The data are generated by specially designed 


sensor systems to provide information crucial to the 
solutions sought and to describe the conditions under 
which the scientific data were obtained. Data systems 
onboard a space research facility impose operational 
requirements upon the mission and requirements on 
the space research facility in such terms as weight, 
space, and power supply. 

Each research cluster was analyzed to determine the 
characteristic output of each sensor and the required 
ancillary information, such as: (I) operating methods 
and techniques to define controls and displays 
required for a research operation and to specify 
real-time data flow processing required for quality 
control and visibility; (2) experiment sequencing to 
specify data-generation duty cycles and modes of 
instrument function (warmup, calibration, and data 
acquisition) and to identify and solve data traffic 
control and queuing problems; and (3) user require- 
ments to identify real-time data handling problems, 
principal-investigator interfaces, information enhance- 
ment potentials, and allowable data manipulation and 
processing. Measurement requirements range from the 
simple task of obtaining candid photographs of the 
crew to the sophisticated manipulating of elaborate 
and delicate astronomical telescopes. The require- 
ments imposed on the data management system by 
the operational methods and techniques involved in 
controlling the various experiments affect operations 
planning, conceptual mission planning, crew skill mix, 
as well as overall management of onboard operations’ 

The data requirements portion of each research 
cluster description identifies the critical planning 
information for data handling. The physical format of 
the data is an important category of such informa- 
tion; if photographic film or magnetic tape is 
required, for example, the impact of onboard process- 
ing and storage can be significant. The specification 
for the precision required of the data determines how 
much onboard processing is necessary before the user 
leceives the data. Some data must be used immedi- 
ately; and some will require storage, handling, and 
retrieval. The data management system may be called 
upon to handle any or all of the following: photo- 
graphic film, magnetic tape, electrical signals, physical 
samples, and biological specimens. Many research 
activities may require two data-collection modes, 
quick-look and long-duration. In addition to the basic 
information to be collected in support of research, 
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data of a secondary nature will also be required for 
calibrating, referencing, and verifying the conditions 
under which the scientific data were collected. 

To define required operating inodes, scheduling of 
data, collecting and handling, and other such param- 
eters. the information from research cluster descrip- 
tions that appeared to place the heaviest demands on 
a data management system was extracted and pre- 
pared in a summary matrix form. A chart then was 
prepared, detailing data management functions 
according to commonality for the various research 
clusters. Table 7 summarizes the data handling and 
support requirements for those research areas that 
appear to place the heaviest data demands on future 
systems. 


discipline can be accommodated, with options for 
adding other instrumentation for additional aspects 
of the research. As an example, Figure 18 shows a 
conceptual layout for a communications and naviga- 
tion laboratory work center. 

APPLICATION OF REQUIREMENTS TO MISSION 
PLANNING 


Mission planning in this study consisted in selecting, 
within imposed constraints, a set of research activities 
that are responsive to major objectives and are 
complementary with respect to their demands on 
space facility resources, so that the research objec- 
tives may be achieved with the most judicious 
expenditure of resources. 


CONFIGURATION ANALYSIS 


The research clusters, in addition to providing a base 
for mission planning, were surveyed for any data 
relevant to spacecraft configuration planning. An 
instrumentation matrix was assembled for each 
discipline. Unique research activities requiring remote 
modules or subsatellites were also included in the 
data developed to aid the mission planner. Layouts 
were made for representative space research facility 
configurations. For each of these layouts, instruments 
basic to the most common measurements of the 


Mission planning depends basically on two things: 
dearly defined objectives, and accurate information 
on the requirements imposed in satisfying those 
objectives. The critical issues derived from the over- 
view analysis oi the six disciplines present the 
objectives in the form that they must be addressed by 
the mission; that is, in terms of specific research 
information to be gained. Analysis of the research 
clusters developed sets of requirements. However, 
in-depth consideration of the various requirements 
and analysis of available spacecraft systems will be 
necessary before mission planning can proceed. 
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Tile mission planning factors displayed in Figure l‘> 
identify the many technical and operational consider- 
ations that collectively influence the development of 
definitive mission concepts. The various factors rele- 
vant to defining missions are not only numerous but 
are extremely complex in their influence on one 
another. After the disciplines have been analyzed and 
the critical issues identified and grouped into research 
clusters according to commonality of instrumentation 
and measurements, compatible sets of research activ- 
ities can be established by using the data from the 
research clusters to develop statistical measures of the 
requirements placed upon the mission and upon the 
space research facility. 


Several important mission-selection parameters are 
identified in the sample mission planning worksheet, 
Figure 20. These parameters are grouped in such 
categories as orbit, spacecraft pointing and demand, 
environment, crew, and special requirements. Uata 
developed from analysis of the research cluster 
descriptions are entered in these worksheets. Fach 
entry provides a check against a given mission profile 
to identify any particularly severe requirements that 
might conflict with the mission prof it*. The special- 
requirement items pinpoint areas where further 
detailed analysis is required t Ml'l u individual work- 
sheets may be used to display the detail required in 
any significant research area for the development of 
mission strategies. 




Figure 19. Mission Planning Considerations 


Fxample of Mission Sensitivity Analysis 

In the mission planning process, the planner is often 
constrained by the availability of equipment, as 
reflected by its development status; or by such 
factors as weight, volume, and power required by 
equipment; or by crew availability. In the case of 
equipment availability, he must consider the relative 
value of the allocation of resources to the develop- 
ment of one piece of equipment in comparison with 
another. Regarding the other factors, his decision will 
be based on the incremental gain in research objec- 
tives as a function of incremental commitments of 
weight, volume, power, or crew time. 
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Figure 20. Mission Planning Worksheet 
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To illustrate the type of problem that can be 
addressed using the data base developed during the 
study, an example can be cited from one of the 
topical problems of the day: the subject of environ* 
mental pollution, 


In the Earth Observations discipline, 29 critical issues 
(representing five of the se'ren subdiscipline aieas 
examined) were identified with the subject of pollu- 
tion (Figure 21). The information and Measurement 
requirements of these critical issues ware examined, 
and they were included in six research clusters on the 
basis of commonality of their requirements (Table 8). 
For each research cluster, the instrumentation 
requirements, mission requirements, data require- 
ments, and supporting technology development 
requirements were identified. This information 
provides the data base from which the traceability of 
mission and spacecraft requirements and supporting 
technology developments to NASA’s goals and objec- 
tives may be demonstrated, and from which sensi- 
tivity analyses may be made. Table 9 summarizes the 
IS instruments identified with pollution research. 





Figure 21. Pollution Research 

Using pollution research as an example, selection 
strategies could be developed for relating specific 
instruments to critical issues. If it were desired to 
maximize the number of critical issues that could be 
addressed by the fewest number of instruments 
(Figure 22), the planner might first consider selecting 
instrument No. 5 (an absorption spectrometer) for 
his inventory. With this instrument, seven specific 



INSTRUMENT NO 


6M8 DETECTION AND MONITORING OF ATMOSPHERIC FOLLUTANTD 

60-3 OCEAN POPULATION DYNAMICS AND FISHERIES RESOURCED 
601 OCEAN POLLUTION IDENTIFICATION. MEASUREMENTS ANO EFFECTS 

6M.I DETERMINATION OF POLLUTION IN WATER RESOURCES 

6M7 SURVEY OF HYDROLOGIC FEATURES OF MAJOR RIVER BA0IN3 

fl* A/P-4 CROP VIOOR AND YIELD PREDICTION 

Figure 22. Initrumsnt Stlsction Strategy 

critical issues could be investigated. Before a further 
expansion of the scientific progrum could be under- 
taken, however, five additional instruments (Nos. I, 
3, 6, 8, and 10) would have to be added. This step 
would increase to 17 the number of critical issues 
that could be investigated. Before all 29 critical issues 
related to pollution could be addressed, a total of 
15 instruments would be required 

Although instrument-selection strategy may be useful 
in suggesting a point of diminishing scientific returns 
as a function of specific instrument development 
efforts, it is also helpful to be able to establish 
numerical indices of information return in a general 
research area per pound or per cubic foot of payload. 
For this purpose, the research clusters provide a 
broad set of requirements covering many critical 
issues that are related in terms of common 
information needs or measurement requirements 
although not necessarily restricted solely to pollution. 
Table 10 summarizes pertinent data derived for the 
six research clusters that address one or more of the 
critical issues dealing with pollution. The weights and 
volumes cited in this table include basic instrumenta- 
tion plus support equipment, such as consoles and 
test units. This information is typical of that needed 
to develop facility requirements. 

It should be noted that the column labeled Pollution 
Critical Issues in Table 10 reflects only the specific 
issues that relate to the problem of pollution. In 
every case, the total number of critical issues related 
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Table N 

29 CRITICAL ISSUES IN ENVIRONMENTAL POLLUTION 


AGRICULTURE AND FORESTRY 

Wliui are the sources of pollution? 

Whut arc the distribution mechanisms of pollution? 

Where is pollution or overuse endangering the recreational use of water or forest areas? 

Where is pollution emission in excess of standards? 

GEOGRAPHY AND CARTOGRAPHY 

How can pollution from industrial expansion he controlled, i.e.. atinospheric/hydrolog.c? 

How is pollution related to the Earth’s topography and climate? 

How can pollution and waste from la.ge population centers he effectively controlled? 

How is pollution affecting the coastal ecological environment? 

HYDROLOGY 

What are the effects of streamflow and wastes upon coastal waters? 

What is the extent of saline instrusion in estuaries? 

What ,s the dispersion of visible pollutants in coastal waters, estuaries, large lakes, and reservous? 
How can the occurrence and extent of algal blooms be determined'' 

How can oil slicks on the surface of water be identified? 

How can the transportation and deposition of sediment be determined? 

Wha. pollutants a.e evident u. the atmosphere and in what percentage? What is their rate of change? 
Wha. geneial aspects of man’s progress induce pollution and changes in topography and river systems’ 

anJ ,lic «•"“«' «*«««»». ..f 

OCEANOGRAPHY 

How are the physical properties of the oceans affected by ocean pollution? 

How does ocean pollution affect electromagnetic emission from the sea surface? 

How does ocean pollution affect the chemical reactions and salinity in the oceans? 

How do tidal flushing patterns affect salinity and pollution characteristics? 

How is the productivity of the oceans related to ocean pollution? 

How ate marine population dynamics affected chemically by ocean pollution.’ 

How can the transport of pollution in the ocean be effectively controlled? 

How a.e marine population dynamics affected by the transport of ocean pollution ' 

METEOROLOGY 

How are all ecologic syst.ms affected by atmospheric pollution? 

What effect is exerted on the an ecologic system by the pollution of water and soil'.' 

What are the effects ofair pollution upon the climate of uiban areas? 

What chemical constituents aie present in the almospheie? 


Primary 

Research 

Cluster 


b-M-5 

6-M-S 

b-A/l-4 

bill 


b-O-l 

bill 

b-O-l 

6 - 0-1 


b-H-7 

bill 
b-ll-l 
b-ll-l 
b-H- 1 
b-ll-l 
b-M-5 
b-ll-l 


b-H- 1 


b-O-l 
b-0- 1 
b-O-l 
b-O-l 
b-0- 1 
b-O-.l 
b-0- 1 
b-O-l 


b-M-5 


b-M-5 


b-M-5 


b-M-5 
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Table 9 

INSTRUMENT LIST FOR POLLUTION-RELATED EXAMPLE 

Peak 


No,* 

Name 

Weight 

Volume 

Power 

(lb) 

(ft') 

(Watts) Main Characteristics 

1 

Metric Camera 

300 

21 

78 S 

4 lens; 4 1 by 6 1 -deg FOV; 0.4-0.9 p ; 1 2-in. F.L. 

2 

Mullispectral Camera 

275 

8 

1,120 

70mm (6 ea); 0 . 0.9 p,4l- by 41 -deg FOV 

3 

lO'bund Mullispectral 
Scanner 

300 

19 

190 

0.4-12. Sp; 1 l-dcg FOV; eryo cooling; 26.4 MB/S 

4 

Radar Imager 

620 

112 

2,500 

8-l0CH/:4 data channels; SO- ISO MB/S on film 

5 

Absorption Spectrometer 

30 

1 

18 

280-SOOp; 30-deg FOV. 1.2 MB/S;6 data channels 

0 

Multichannel Ocean Color 
Sensor 

13 

0.25 

6 

0.4-0. 7 p; 34-deg FOV; 1 2-kllz analog; 2 data 
channels 

? 

Radar Altimeter/ 
Scatterometer 

75 

I.S 

130 

86 H/.; cO-deg FOV; 3.2 kB/S; 21 data channels 

8 

Microwave Scanner 
Scatterometer 

200 

9.5 

2S 

10 and 19.5 GHz; 50-deg FOV; 1 -4 kB/S; 1 2 data 
channels 

10 

Data Collection System 

10.5 

0.5 

7.5 

450 MHz; 100-deg FOV; PCM data receiver; 
10 channels 

14 

Interferometer Spec- 
trometer (IR) 

35 

1.5 

24 

5-50 p; 2-deg FOV; Nj purge; 13-sec duly cycle; 





16 channels 

15 

Multispectral Tracking 
Telescope 

850 

38 

540 

0.35-0.8S p; 24-in. optics; 1 ,4-dcg FOV; ±45-dcg 
gimbal 

16 

Selective Chopper 
Radiometer 

34 

0.6 

5 

14.5-1 5p; 3 by 2 channels; 10-deg FOV Earth and 





space 

17 

IR Filter Wedge 
Spectrometer 

30 

1.25 

7 

1 .5-6 and 8-16 p; I - by 3-deg FOV; N 3 cooling; 
digital 

21 

Visible Wavelength 
Polarimeter 

25 

1.27 

50 

0.38-0.58 p; 3-deg FOV ±60-deg gimbal; 16 data 
channels 

22 

UV Imagcr/Spectromcicr 

150 

3.5 

45 

0.35-0.4 p; 1 5- or 1 -deg FOV; 2 analog channels 


“Instruments 9, 1 1 , 1 2 , 


13, 18, 19, and 20 were not critical for pollution measurements. NOTI S: 


I OV B Meld of view 
B/S ° Bits per second 


to the designated research cluster is much larger. In 
the case of 6-A/F-4. for example, which is a research 
aiea dealing with problems of crop vigor and yield 
prediction, 121 critical issues are addressed in all, 
although only one of them deals specifically with 
pollution. Thus, while the capabilities reflected by 
the space facility requirements defined by each 
research cluster are required in order to address the 
specific issues on pollution associated with it, the 


facility defined in this way is capable of supporting 
research in other problem areas as well. 

Figure 23 presents a cumulative plot of the weight 
and volume commitment, as research clusters are 
added to accommodate a major program in pollution 
research. As might be expected, the weight and 
volume growth curves show a considerable correlation 
with each other. 


49 


_ Table 10 

SENSITIVITY ANALYSIS WORKSHEET POLLUTION 


Research 

Cluster 

Pollution 

Critical 

Issues 

Weight* 

(lb) 

1 g I 

Rank 

Volume* 

(ft 3 ) 

Volume 

/Crlt. 

Issue 

- run 
Rank 

t»u nuN 

Power* 

(W) 

Power 

/Crlt. 

Issue 

Rank 

No. of 
Instruments 

6-A/E-4 

1 

4,000 

4.000 

(> 

200 

200 

6 

4.600 

4 ,600 

6 

0 

ft-IM 

‘) 

T.l 70 

?S2 

3 

120 

13 

3 

1 .300 

144 

3 

3 

(ill- 7 

1 

[ 3.000 

.1.000 

S 

200 

200 

5 

3.800 

3.800 

5 

5 

6-M-S 

7 

070 

1.10 

1 

21 

3 

1 

soo 

71 

2 

1 

6-0- 1 

10 

2.255 

22b 

2 

80 

8 

Cx 

700 

7 

i 

6 

6-O-J 

t.»«i 

1 

2. IKS 

2,185 

4 

81 

81 

4 

700 

700 

4 

3 


'Inelmlo* basic In.irume, Hallo,, plus support equipment 


CUUtHAtive VOUiMH rrT*> 
too 


2 ag 


/x„V' ! 0A 



rrt 

CM 7 


•loTI 

0 A f 4 


H to u 


MIciAnt m ctusfins 
AOOin in HANK onotn 
fSTAOliSHID IN TAOit to 


to 01)0 

CUMULATi V6 WiKtHT tt.OJ 


- v °'“™ - 

I!m, ';'T„ ,K ;' Ul "r |K ' r illl '«>™»lion unit associated 
ith 6-A/E-4 and 6-H-7 (see also Table 10) suggest 

Me need tor a closer examination of the criticality of 
the research required. In the case of 6-A/F-4 the 
critical issue addressed (see Table 8) deals with the 
determination of areas where pollution or overuse is 
endangering the recreational use of water or forest 

TT ,n ; he 1 Ci,SC of *hc critical issue addressed 
deals with the effects of stream How and wastes on 
coastal waters. At this point, judgments would be 

required from the scientific community regarding the 
true importance of these problems. 


Although tile basic facility rc<|uircmc,its wore defined 
by working fro,,, broad objectives to ittcreas w 

Sir "r s . '!* '"“"XII, y afforded 
• ulysis makes „ feasible to assess which issues (and 

thus which objectives) could be addressed when 

r: 'c l:ICI !" V Lil labilities are available. Conversely 

t r^" V “ '" al •* addressed when 

identified. *" «*» be 

Implementation Options 

T ,idak> sys,cms Presently proposed for 

Skv ib .?mT m,SS, ° nS arC cxU * nsio,1!i or the current 

aM v /’!• " * P T SIU,ttlCl and *** perman- 
M’*cc s.ations. Experiment modules, either 

attached Jo one of these facilities or free-flying cm 
u used in Various combinations. The suitability of 
ach system lor research activities in the six disci- 
phnes can be examined. 

SliutMes would characteristically be manned by 

to 7 davo ' * n U,Ve missk,ns of short duration (5 
o 7 days), and be limited in power, volume, and data 

r Thc s,um 

(n paiticular) tend to define the kinds of 
i (.'search that could be performed aboard a spa « 
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shuttle. Both of these aspects, however, make the 
shuttle an ideal facility for qualification testing and 
checkout oi equipment and techniques. The res- 
ponsiveness and reliability of sensors must oe demon- 
strated for example, before they are sent on auto- 
mated data-gathering missions involving the viewing 
ol the Barth's .urface or of planets and stars. Such 
checkouts can be performed in the few days’ duration 
ol a shuttle mission, so that the time demands on the 
scientist required only for instrument checkout 
would be minimized. A shuttle can also be useful for 
the testing of techniques ,<uch as the melting of 
metals in zero gravity that involve hazardous condi- 
tions and might necessitate a rapid return to Earth. 

In some of the disciplines, particularly in Communi- 
cations and Navigation, the system becomes increas- 
ingly automated as the system-test phase of 
development is approached. System equipment at this 
juncture is amenable to final checking in a shuttle, 
and some of it may even be placed in a free-flying 
module by a supply shuttle. Noise surveys of Earth’s 
radiated RE energy are a good example of the type of 
research for which a survey package, once activated, 
can continue in an automated data-collection mode. 
Radiometric receivers using broad-beam antennas and 
linked to a tape recorder can be accommodated by an 
automated module. In many e :ses, man is needed 
only to change a tape or film cartridge or a similar 
piece of equipment. In general, research activities that 
arc best suited to shuttles can be modularized and are 
less complex than those requiring free-llying modules 
hosted by a space station. 

It is apparent that long-duration research missions are 
better suited to a space station or space base than to a 
shuttle. "Such missions are required most frequently in 
disciplines that depend on man-oriented research 
activities, such as Manned Spaceflight Capability, 
Space Biology, and Space Physics. Research that 
would be suited to a space-station-type facility would 
encompass activities such as sophisticated life science 
studies including induced mutation, space toxicology, 
and small-animal behavior; and Space Physics studies 


such as fluid physics, and processing and manufactur- 
ing of specialized materials, including high-purity 
pharmaceuticals. Attached research modules are 
extensions of the host research facility that are 
brought into space independently and are docked and 
functionally integrated with the research facility. 
They are configured to provide either additional 
working space or special research conditions. They 
are suited to Earth survey and to solar astronomy 
instrumentation, including x-ray telescopes. Free- 
Hying modules are decoupled and isolated from 
host-research-facility accelerations or contaminations 
and may operate in orbits remote from that of the 
host facility. They are particularly suited to certain 
classes of stellar astronomy. The research activities in 
Earth Observations and in Communications and 
Navigation, which are more amenable to automation, 
are well suited to either a space station or a shuttle, 
although the longer-term requirements favor the 
permanent research facility. In the case of Space 
Astronomy, the detached module, whether hosted by 
a space station or by a shuttle, is the best choice, 
primarily because of the disturbing accelerations 
created by man’s presence on the spacecraft. 

A space station operated in conjunction with a 
free-flying module could support a greater percentage 
of individual research requirements than any of the 
other concepts. Although the space shuttle and 
shuttle-plus-module concepts are limited in the 
amount of electrical power and the hours of manned 
participation they can provide, they could neverthe- 
less perform a considerable amount of useful 
research, particularly in Earth Observations. 

Communications and Navigation, and Space 

Astronomy. 

The mission parameters for Skylab, a shuttle, or a 
space station would, in an actual planning exercise, be 
checked against the entries in a mission planning 
worksheet as illustrated in Figure 20, and the research 
clusters compatible with these parameters would be 
identified. Thus, any research activity described in 
this report can be screened to determine which 
currently planned space program would suit it best. 
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EPILOGUE 


Space activities to date have been primarily of an 
exploratory nature, and the results have been grati- 
fying. We are now in a position to move positively 
into an even more productive phase and to begin to 
reap large-scale benefits from the space program. The 
Faith Orbital Experiment Program and Requirements 
Study has delineated the substance of a comprehen- 
sive research program to match this opportunity in 
six scientific and technological disciplines. This study 
has translated society’s goals for the next few years in 
these selected areas into specific research activities to 
be performed by man in Earth orbit. 

I he two disciplines in which space research will 
probably have the most immediate impact on the 
largest number of people are Communications and 
Navigation, and Earth Observations. In Communica- 
tions and Navigation, research in such areas as noise 
interference, propagation effects, and tropospheric 
scatter losses will open up the electromagnetic 
spectrum lor broader use in commercial and 
educational braodcasting, information networking, 
data collection, and navigation and traffic control, it 
will also contribute to the effective management of 
these activities through more realistic frequency 
allocations and their more effective usage and 
control. I he study revealed that in communications 
research especially, a manned space research facility 
would offer a unique advantage by permitting the 
periodic reconfiguration of the laboratory instrumen- 
tation, enabling it to be readily redirected from one 
research activity to another. Man’s presence thus gives 
a flexibility and adaptability difficult if not 
impossible to achieve with automated spacecraft, and 
results in more efficient, more comprehensive, and 
more meaningful research. 

Earth Observations can have perhaps the most 
profound influence on the future of mankind. The 
perspective trom space has already given new direc- 
tion in attacking man's problems on Earth, and we 
are already enjoying some of the immediate benefits 
of space research. Because space coverage of weather 
is global, prediction techniques have improved and 
serve agriculture and transportation with more 
accurate and more timely informaFon. As our sensing 
capabilities and knowledge increase, crop infestations 
and disease will be recognized from space, and 


through timely intervention, they can be better 
controlled. Sources and locations of pollution are 
identifiable front space, as are new sources of fresh 
water, geothermal energy, mineral resources, and 
marine resources. Thus, research from space con- 
tributes directly to the solution of two particularly 
Pressing problems: pollution, and the feeding and 
support of rapidly multiplying populations. 

In Bblogy, it can be anticipated that all branches of 
terrestrial biological research can be fruitfully 
extended into space, and this research can be accom- 
plished mo*i expeditiously and niokt efficiently by 
using a b. igy laboratory approach instead of a 
discrete-experiment approach. A phased program that 
Poses general questions first and undertakes 
mechanistic investigations later, thereby coinciding 
with the growth in sophistication of orbital research 
tacilities, will yield maximum information at 
minimum cost and will result in the most efficient 
utilization of scientist-astronaut time. More of the 
critical issues of concern to biologists can be 
addressed through research on vertebrates than 
through research on plants, protists, or invertebrates 
(which rank in that order), but all four life forms 
must be included to study and assess the universality 
ol the effects of the space environment and to 
develop understanding of the importance of the role 
of gravity in the basic life processes. It was found that 
man’s direct participation in biological research 
activities increases tenfold the number of critical 
issues that can be addressed in orbital facilities. 

In Space Astronomy, the role of man in orbit is 
intermittent, although he is involved in x-ray, optical, 
and low-frequency radio observations. His functions 
will principally lie in the deployment, calibration, 
resupply, and maintenance ol large, complex 
telescopes. The periodic maintenance of these instru- 
ments greatly increases their scientific productivity, 
which is a vital concern for these sophisticated 
devices. 

In Space Physics, new insights into fluid dynamics 
and mixing phenomena will evolve through the use of 
a physics and chemistry laboratory, and the develop- 
ment ol new materials and processes will be explored. 
The space facility itself will serve as a base for 
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learning more of t he space environment and lor 
developing research facilities for underst mding such 
phenomena as plasma physics and cosmic rays Man 
wilt he required in the implementation anu operation 
of the plasma physics and the physics and chemistry 
laboratories, and to set up experiments in a cosmic- 
ray research facility. 

I he sixth specific area of space research examined 
during this study was Manned Space (light Capability. 
Ihts research subject includes the study of man 
himself, from the biomedical and behavioral stand- 
point. to determine his potential capabilities as well 
as his operational limitations in the space 
environment. It includes the identification of the 
engineering and operations research needed in space 
to provide man with the facilities required to support 
a broad-based research program. The critical issues 
identified in this area need to be resolved before the 
ultimate potential of manned orbital research 
facilities can be realized. 

Attendant upon the research activities of the space 
program for the next decade is the development of 
the technology base required to support the planned 
research. The relationship between research and 
supporting technology development is such that 
advances in one frequently propel the other ahead as 
well. Some research activities outlined in this report 
will not be feasible until certain technology develop- 
ments have occurred; but developments in technology 
have in the past, and will in the future, lead to the 
generation of new research, even, perhaps, to whole 
new fields of investigation. for example (looking into 
the past), the modifications that Leeuwenhoek made 
to the microscope of his day made microbiology 
possible. In a contemporary vein, now that viewing of 


the sky over the entire electromagnetic spectrum has 
become feasible, research in x-ray and low-frequency- 
radio astronomy has received new impetus. 
Instruments developed for ground monitoring of the 
vital signs of men in space are already being used by 
medical personnel to diagnose conditions of patients 
on l-arth. Numerous specific examples of technology 
developments required to support manned orbital 
research were identified in the study. It was found 
that technology requirements impact early in relation 
to known programs, they depend on results from 
these programs, and the efforts that they generate can 
be expected to continue well into the span of the 
research program itself, burly emphasis on supporting 
technology development is therefore required to 
enable man to meet the challenges that face him. 

As noted above, one of the most important results of 
the study was the improved insight it provided into 
the value of a manned research facility in space and 
of the utility of laboratories devoted to specific 
research areas, each providing a broad capability in its 
own area through the ability to rearrange or recon- 
figure a basic complement of research instruments. 
The presence of man in connection with this recon- 
figuring, and in many cases, in the role of a manipu- 
lator and monitor of the research, is essential to the 
productive utilization of these laboratories. 

Insight of this kind is developed only with 
experience. Without doubt the experience of man in 
space will result in insight toward the solution of 
many problems that relate to conditions on l arlh. It 
is not unreasonable to expect that continued research 
by man in space may give the key, not only to 
continuing man's slay on I- art h but to continuing it 
in health, in comfort, and in peace. 
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•Biomedicine, l-BM-4 through-8, -10, -12 through -15 
Behavioral Research, 1-BR-l through -4, and -6 
Man-Machine Research, 1-MM-l through -5 
Life Support and Protective Systems, 1-LS-l through -12 
Engineering Experiments, 1-EE-l through -5 
Operations Experiments, 1-OE-l through -5 

Space Biology 


57 

60 

62 

64 

68 

69 

72 


Vertebrates, 1-VB-l through -3 
Invertebrates, 2-IN-l through -3 
Protists and Tissue Cultures, 2-P/T-l through -3 
Plants, 2-PL-l through -3 


Space Astronomy 


77 


Optical, 3-OW, -OB, -OS, -OP, -SO 
X-Ray, 3-XR 

Low Frequency Radio, 3-LF 


Space Physics 
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Physics and Chemistry Laboratory, 4-P/C-l through -1 1 
Plasma Physics Laboratory, 4-PP-l through -4 
Cosmic Ray Laboratory, 4-CR-l through -10 

Communications and Navigation 


Noise, 5-N-l and -2 
Propagation, 5-P-l through -4 
Test Facilities, 5-TF-l and -2 
Communications Systems, 5-CS-l and -2 
Navigation Systems, 5-NS-l through -6 

Earth Observations 
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90 
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Earth Physics, 6-EP-l and -2 
Agriculture, Forest, and Range Resources, 6-A/F-l 
through -5 

Geography, Cartography, and Cultural Resources 
6-G/C-l 

Geology, 6-G-l through -6 
Hydrology and Water Resources, 6-H-l through -7 
Oceanography and Marine Resources, 6-0-1 through -7 
Meteorology, 6-M-l through -6 


* Numbers 1-BM-l, -2, -3, -9, -11 and l-BR-5 
later combined with others or eliminated. 
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RESEARCH CLUSTER 1-BM-4-EFFECTS OF WEIGHTLESSNESS ON CIRCULATORY FUNCTION 

aoctoaot 


ABSTRACT 

OBJECTIVES. Detect and measure changes in circulatory function 
due to weightlessness, establish time histories, investigate physio 
logical and biochemical mechanisms. 

BACKGROUND. Data tefeience from ECG and blood pressure 
measurements on all Mercury, Gemini, and Apollo flights, ground 
based water immersion and bed rest studies, and planned export 
merits on Skylab A. 

RESEARCH DESCRIPTION. Initial determination and quantifira 
Hon of changes Blood volume measured by dilution of injected 
tagged blood colls and plasma Orthostatic tolorance studied with 
lower body negative pressure (LBNP) device, associated measure 
men Is include heart rate, blood pressuie, leg plethysmogiam, and 
cardiac output Circulatory compensation evaluated following 
ergometei exercise by heart rate, blood pressuie. and cardiac output 
measurements. Urine volume and analysis involved in defining the 
natuio of the changes. Later measurements to determine media 
msiits of changes include pulse wave form and velocity, venous 
pressure and compliance, artenolar reactivity, circulation time, and 
(lean size. Ergomotor and L BNP conditioning progiams investigated 
as countermeasures. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Onboard isotopes for blood volume 
measurements require shielding Oscilloscope, stripchart, and tape record 
ors. Other items electrode lead systems and preamplifiers, blood pressure 
assembly, leg plothysmograph, cardiotachometer. 

CREW. Crew as subjects, six desirable, thioe mandatory; plus experienced 
medical or physiological technician. Physician required for a few 
measurements. 

DATA. Notes, topes, and fluid samples roturned tq Earth. 

OPERATIONS. Minimum crew cycles 90 days Measurement frequency 
high Daily in cycle, reduced later No spacecraft rotation during measuto 
merit program commenced on zero g crewman. Space simulation of gravity 
should occur only during Inst two weeks of cr- w cycle 

RESEARCH SEQUENCING. Early detection and quantification of 
changes, lutor nvestigation of nature and mechanisms 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Nomnvasive central 
venous pressure measurement technique. 

RESEARCH COMMONALITIES. Receivos information from 7 VB 1 2 
common measurements with 1BR-3. 


RESEARCH CLUSTER 1-BM-5-RADIATION, TOXICOLOGY, AND MEDICAL PROBLEMS 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 

[ermine changes in susceptibility to ancf recovery SPACE FACILITY RF<*nimppQ it 

ssassr*- * 

iwaotmem X ray radiation source, tubes, approximately 200 lb 500 lo 
erreslrial radiation and toxicological limits woll '-000 w Toxicological exposuro chamber, associated with contaminant 
logical changes observed in jiiovious space concenlrahon analyzor. Fro/on animals storod in -70°C freezer 


OBJECTIVES. Determine changes in susceptibility to and recovery 
from illness or injury and in tolerance to radiation and toxicology 
caused by altered state in weightlessness 

BACKGROUND. Terrestrial radiation and toxicological limits woll 
established. Physiological changes observed in jiiovious sjiace 
missions could alter tolerance. 

RESEARCH DESCRIPTION. Small laboraloiy animals On first 
giouji, produce preflight injuries and lesions that could occur to 
astronauts in space At intervals, animals frozen, returned for study 
Oilnt second group intact; after three weeks, expose to predoter 
mined radiation doses Recommended radiation doses 25, 60, !00, 
200, and 400 rein. Third group similarly treated but with predoter 
mined concentraticis of toxic contaminants. Toxic contaminants 
include pulmonary irritants, central nervous system dejiressants, and 
producers o( kidney damage. 


CREW, Extensive participation. Animal care, observation, and treatment 
Blood sampling and analysis. Tasks probably within capabilities o( 
cross trained crewmon 

DATA. Notes, tapes, and frozen specimens returned to Earth. 

OPERATIONS. Transfer of animals fo exposure chambers, exposure and 
subsequent observation, analysis, and sacrifice, as well as treatment and 
observation of experimental lesions very time consuming. Experiments 
should not be scheduled during period of oxtonsive crew activity. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Animal toxicological 
chamber, radiation source, animal research facility. 

RESEARCH COMMONALITIES. Receives information from 2 P/T-2. 
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, *« l ' UH I LbSSNESS ON STRESS RESPONSE- 

f'niMQinrO ATmuir. _ 


ABSTRACT 
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CONSIDERATIONS FOR IMPLEMENTATION 
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ABSTRACT 

'iz Z 7 .v “ssr °' c "“ 8 ' s 

™“ "»'» - 1 . 

planned Skylab A experiments M ' crowm “ n - Continuation of 
and M 133, Sleep Mom.or 'ng V " ,ibular Func "°". 
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with sleep and alertno«« / 01 * , , patterns associated 

neurological examination Vestihuhir f fe ^ 6X0s as tGS,od during a 

ss 

crewmen and compared J, h ", sleeping and working 

where possible d ac “ te «*"*»« -nd electromyography 


CONSIDERATIONS FOR IMPLEMENTATION 
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RESEARCH C. MCTCD , n . ~ Closely associated with ,. MM , 

ABSTRACT ' 8 “ EFFECTS 0F - GHT “S ON GASTROINTESTINAL FUNCTION 


ABSTRACT 
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RESEARCH CLUSTER IBM-IO-BODY FLUID ANALYSIS 


ABSTRACT 

OBJECTIVES. Measure biochemical composition of blood, urine, 
sweat, saliva, vomltus, and foces as necessary to satisfy the analytical 
requirements of the other research clusters 

BACKGROUNO. Calcium, crcatinu and croatinine of tho Biosatol- 
lite III primate automatically measured by tho urine collection and 
storage system. Urine of Gomini astronauts returned for analysis. 
Some modification required to udapt ground-based analytical 
techniques to spacecraft use. 

RESEARCH DESCRIPTION. Spectrophotometry for analysis ol 
nonionic inorganic compounds and nonprotain nitrogenous 
compounds; specific ion olectrodos or flame photomotry for 
inorganic Ions; blood gas analyzer and pH electrodes for analysis of 
blood gasos and fluid pH. microscopy and photomicrography for 
examination of included solids, formed (Moments, and particulate 
matter; radiation detection for moasuromont of radioactive tracers; 
mass spoctrometry for hoavy or light Isotope tracors; and electro- 
phoresis and paper chromatography for specialized measurements. 
All analyses supported by basic laboratory preparatory equipment. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Clinical chemistry analytical laboratory 
a major facility of biomedical program, Woight, power, and volume 
requiromonts of individual ItomB not oxccssivo but integration into a 
workoblo laboratory with oxtensivo automation a major undertaking, 
CREW. Laboratory should bo manned by a woll-trained, exporionccd 
technician whoso primary training is in clinical chemistry. 

DATA. Notos and taped data roturned to Earth. Some fluid samplos 
returned for specific moasuromonts. Llttlo roquiromont for tolomotry. 

OPERATIONS. Samplos allowed to accumulate until required numbor 
obtained. Storage of samplos in freezers, -70°C for blood and -20°C for 
urine. 

RESEARCH SEQUENCING. Determined by requirements of othor 
experiments. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Inflight body fluid 
onolyBis and fluid handling techniques. 

RESEARCH COMMONALITIES. Research in 6poco biology will requlro 
many of tho meosuremonts specified by biomodicino. Tho two sots of 
requirements should bo evaluated to dotormlno oxtont of facility 
combination. 


RESEARCH CLUSTER 1BM-12-STUDIES ON INSTRUMENTED ANIMALS 
ABSTRACT 


OBJECTIVES. Dotermmo mechanisms of changes observed in 
earlier experiments when invasivo techniques and those too trail 
matic for use on humans are required 

BACKGROUND. Valuable information derived from instrumented 
primate of B'osatellite III Additional research necessary to verify 
findings and investigate problems uncovered. 

RESEARCH DESCRIPTION. Use of instrumented animals most 
applicable in areas of cardiovascular and neurophysiological 
research. Relationship of cardiac output to regional blood flow, 
cardiovascular reflex activity, cardiac work capacity, changes in 
electrical activity ol higher brain centers, and electrical activity of 
vestibular apparatus would contribute significantly to understanding 
ol mechanisms Primates used for most experiments, dogs for 
selected cardiovascular studies, and cats for selected nervous system 
studies. Data either telemetered or transmitted by hardwire to 
onboard receivers Ancillary measurements of hea*t rate, blood 
pressure, and blood analysis performed with primary measurements 
to define physiological stai ■ of subjects. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Experimental animals onclosod in 
self-contolncd modules, outomoted for food and wator dispensing ond 
wosto management. Each modulo, 300 to BOO lb, 30cuft, 60 iv (20 w 
during dork phase of doy-night cycle). Modules rolotivoly outonomous with 
numbor onhoord limited by spoeocroft capoclty. Output of modules fed to 
amplifiers, displayed on oscilloscopes, and rocordod on magnotic tape for 
later analysis. 

CREW. Crow involvomont minimal and low-skilled. Primorily requires 
actuation of data collection equipment. 

DATA. Notes, topes, and fow fluid somplos returned to Earth. 

OPERATIONS. Most subjects returned olive for additional studios, 
preparation necessary by crewmen. If food dispensing and waste manage 
ment not outomoted, then performed by crewmen. 

RESEARCH SEQUENCING. Scheduled later in space research program to 
investigate mechanisms of earlier observed changes. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Specific implanted 
sensors, animal experiment modules. 


RESEARCH COMMONALITIES. Closoly associated with 2-VB-1, -2. 

RESEARCH CLUSTER 1-BM-13-EFFECTS OF WEIGHTLESSNESS ON PULMONARY FUNCTION 
ABSTRACT 


OBJECTIVES. Detect and measure changes in pulmonary function 
and investigate associated physiological processes that will lead to a 
greater understanding of involved mechanisms. 

BACKGROUND. Preflignt and nnstfiight tests on astronauts, and 
ground based experiments involving prolonged bed rest and water 
immersion reveal r.o significant changes in respiratory variables. 
Inflight tests necessary to verify. 

RESEARCH DESCRIPTION. Measurements of lung volumes and 
breathing mechanics, which include the volumes, Hows, ond 
pressures associated with various pulmonary activities, made early in 
the research program; equipment simple, and measurements require 
minimal crew time and skill. Measurements designed to reveal 
changes in tho lung membrano, such as diffusion capacity and 
alveolar arterial Pq 2 and Peg, differences require more complex 
analytical procedures and the sampling of arterial blood. A 
physician is required for this aspect of the research. Later 
measurements will also include rosidual volume, respiratory dead 
space, lung compliance, and pulmonary resistance. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Display and recording equipment 
common to that required by other research clusters. Accurate respiratory 
flowmeter equipped with flow integrotor and pressure gage will meet 
requirements of most lung volunio and breothing mechanics measurements. 
Compliance and resistance measurements require esophageal balloon or 
substitute for transpulmonory pressures. Later testing resources must 
include on He-CO gas sourco ond onolyzor, and a blood gas (Oj ond COj) 
analyzer. 

CREW. Early measurements by cross-trained crewmen. Subsequently 
require experienced lab technician and physician skills for arterial blood 
sampling. 

DATA. Notes, stripchort, and magnetic tope records returned to Earth. 
OPERATIONS. Three crewmen subjects required for most procedures. 
Most measurements spaced evenly throughout a 90-day crew cycle. 
RESEARCH SEQUENCING. Adaptivo, depending upon spacecraft facili- 
ties, More complex ond demanding measurements performed later. 
SUPPORTING TECHNOLOGY DEVELOPMENTS. Measurement of bans 
pulmonory pressure, 

RESEARCH COMMONALITIES. Valuable information derived from 

1-BM-6. 


RES6 m" t"a , 'ct USTEH , om " , - effects op weightlessness on metabolism 
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OBJECTIVES. Investigate onernv CONSIDERATIONS FOR IMPLEMENTATION 
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simulating weightlessness, revoal decreases In muscle sue and 

motihnii b ° n ° calc ' ,icu, ' on ' ,1nd wo,k efficiency. Changes in basic 
metabolic processes are implicated in these observations Metabolic 

RESEARCH DESCRIPTION. Establish tune history ol reduced 
oxorcso tolerance bone density, and muscle sue and strength as 
well as relationship to respiratory and cardiovascular changes 
calcium balance, and nitrogen balance during earlier phasos°of 
research program. Investigate protein and lipid utilization during 
carbohydrate deprivation, glucose tolerance, lean body mass and 

2 ,' To s:rz'T: u " c : lmm " '»• 
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OPERATIONS. Many loter procedures roqulro spocilic diotarv ronimen. 
or io crow, Significant domands placed on waste management systems 

S RCH SEQUENC,NG - investigation o, known changes firs. 

mMsuremwtt!* 0 TECHN0L00V DEVELOPMENTS, Body volume 
RESEARCH COMMONALITIES. Closely associated with 2VB-7 nnH .3, 


ABSTRACT 

Do,ormlno ch0 "9° 8 <" cardiovascular, respiratory 
and vostibular responses to acceleration and rotation Determine' 
usefulness of centrifuge as conditioning device. 

?e2h.v°o7T V H IU ° 0< ° nb ° Jrd mannod C0I "'"W° and 
feasibility of design demonstrated by several ground based studios 

10 biomedical difficulties resulting from spacecraft rotation also 
investigated in terrestrial laboratories. 

RESEARCH DESCRIPTION. Cardiovascular and vestibular effects 
ornf L ,i ' ,U0 | ,ICm and ro,i " ion ' tolerance to reentry acceleration 
, ‘' nC . ', nVeS, ' fla ' IOn ° f ce ” ,ri,u 0e conditioning regimen 
Acceleration toloranco tested weokly; tolerance indicated bv the 
greyou. threshold ,0 a peripheral light. During slow o^ion 
exanune sensitivity .0 angular acceleration, susceptibility -o mo mn 
ckness, and occurrence and persistence of nyslagnius and ocuke 
llusions. Roontry profiles simulated both in magnitude and 
direction Various conditioning programs investigated; absence of 

r;:ner,“' oninB ,n — *■' - - 


RESEARCH CLUSTER 1-BM-15-CEIMTRIFUGE STUDIES 


CONSIDERATIONS FOR IMPLEMENTATION 

moMv WOo'L'V. RES , 0t 4 RCES - Onboard centrifuge facility approx,. 
n otely 1,700 lb at launch. Structural chamber holght of 9 ft diomotor of 

fm soin'unTn,7r,m a ^ ln dlomo,or Passageway through the hub. Five kw 
for spin-up and BOO w during operation, 

CREW. Seven crewmen servo as subjects, four for conditioning program 
0 or ot tor tosts. Physiological and engineering technicians roquired 

Op A ER A ATSq T d T rUC ° rdS ' °' ,d mfl “ nu,ic **»«" ro,urn ed ,0 Earth. 

Ul tRATIONS, Centrifuge operations scheduled during periods of low; 

power loads. Collateral tests required on the centrifuge subjects 

" E S™,,“ 0UENC “°- u "“ ““ »» •' » 

SUPPORTING TECHNOLOGY DEVELOPMENTS. None, 

2 COMMONALITIES. May be used as biocentrifuge ,n 2 VB 2 

2 IN-2, 2 PL-2, and 2 P/T-2. Studies closely associated with 1-BR-1. 


RESEARCH CLUSTER 1BR-1-SEIMSORY, PSYCHOMOTOR. AND COGNITIVE BEHAVIOR ” 
ABSTRACT 

a- „ 

sxs.’szss 

mgnts to date have been relatively short. DATA Voi™ TV U 

““««« -« ”->■ I* |o 5 kH.i sr* :;zrs',“ sr ,h ™* m 

~ 

:z,zziz^ - «sr c,N0 - «*• » — ~ — 

equipment to alleviate such changes SUPPORTING TECHNOLOGY DEVELOPMENTS 1 

or ion, oil ” “‘ l 

RESEARCH COMMONALITIES. No special considerations. 
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RESEARCH CLUSTER 1BR-2-6R0UP DYNAMICS AND PERSONAL/SOCIAL ADJUSTMENT 

AB87 RACT CONSIDERATIONS POR IMPLEMENTATION 


OBJECTIVES. Dotormino offocto of oxtendcd spaceflight on group 
dynamics and pcrsonal/social adjustment. 

BACKGROUND. Anecdotal literature, small group research, 
confinement studios, and research with isolated groups tndicoto 
oxtendcd spaceflight may result in altered group structure, degraded 
group effectiveness, interpersonal conflict, and personality changes 
Little is known on group dynamics In space 

RESEARCH DESCRIPTION. Long-rango continuing research 
effort Collect data on group productivity by measuring crow task 
performance and group structure Process by observing crew inter- 
action and porconal and social adjustment by standard personality 
tests Controlled observations during normal work and off-duty 
activities; crews of different sizes, different compositions, under 
different mission conditions. Using TV, microphones, question- 
naires, and personality tosts, gather data on tosk timos and orrors, 
verbal and physical interaction, mood, and personality variables, 
Augment by clinical interviews and physiological data collected in 
biomedical rosoarch Group behavior of concern observed ovory ton 
days. 


SPACE FACILITY RESOURCES. Four TV cameras, five microphonos, 
video tope recorder, auxiliary lighting. 1001b, 0 eu ft, 020 vv <2?o duty 
cycle). 

CREW. Operation, maintenance, and adjustment of video equipment; crew 
time less thon three hours pur crowman each 30 doys. 

DATA. Two analog channols (volco, 10 kHz; vidoo, 2.9 MHz), one digitol 
channel for tost scores MO bits). Data processed onboard, tolcmotorcd for 
analysis. 

OPERATIONS. Onboard monitoring of data quality, adjust ond relocate 
measuring equipment. Experiment operations controlled from ground to 
moximum oxtont to assuro nonobtrusivonoss. Storago space for magnetic 
topo. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Automated vidoo, 
audio data gathering ond analysis instruments ond techniques, ossossmont 
of verbal behavior. 

RESEARCH COMMONALITIES. Biomedical research on physiological 
stross indices (1-BM-6). 


RESEARCH CLUSTER 1BR-3-COMPLEX TASK BEHAVIOR 


ABSTRACT 

OBJECTIVES. Investigate human capabilities in performance of 
complex operator, maintenance, and scientific investigator tasks in 
space 

BACKGROUND. For time durations and spaco conditions oxpor 
lonced on both USA and Soviet spaceflights, considerable knowl 
edge regarding complex task bohuvior has boon gained. It con be 
tentatively concluded that, with tho exception of EVA tasks, almost 
any task that man can perform on tho ground can be performed in 
space provided proper and adequate restraints are used. 

RESEARCH DESCRIPTION. Repeated, precise measurement of 
spaceflight tasks under operational conditions to dotormino 
performance under extonded spaceflight conditions, performance 
changes ovor time, and performance differences among crowmon of 
different backgrounds and training Task performance will bo evalu- 
ated by using TV cameras, timers, biomedical instrumentation, and 
crew logs and will include both IVA and EVA tasks Parameters to 
be moasured are task time and error, physiological indices, and 
subjective responses from crow regarding hardware adequacy and 
difficulties encountered. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Moosuromont equipment, which 
Includes TV camoros, vidoo rocordor, and lights, approximately 160 lb, 
20 cu ft, 60 w during operation, 

CREW. Involvomont minimal sinco crow will bo performing normal 
mission activities while boing observed as oxporimontol subjects. 

DATA. Data include magnetic tape, olectricol, ond photogrophic film 
either telemetered to Earth or roturnod for ground analysis. 

OPERATIONS. Impact on operations minimal sinco roquired special 
activities include only turning measurement oquipmont on and off 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Proflight psychomo 
tor baseline measurements aro required on tasks to bo observed during 
spaco operations 

RESEARCH COMMONALITIES. This rosoarch clustor plus 1-8R-4, 
1-MM-1, -2, 1-EE-1, -2, ond 1-OE-1 through -5 all require observations of 
crowmon performing complox mission tasks. Data required for several of 
these research clusters can be obtained from observation of one toBk. 


RESEARCH CLUSTER 1-BR-4-SKILL RETENTION 


ABSTRACT 

OBJECTIVES. Investigate acquisition and retention of critical 
skills needed in extended spaceflight; identify those skills which 
degrade in space and the time course of their degradation; and 
discover ways of preventing such degradation Evaluato procedures 
and equipment for maintaining critical skills in spaco. 

BACKGROUND. For extended spaceflight there is a gap in knowl 
edge regarding maintenance of proficiency for extended durations, 
characteristics of any degradation which may occur, frequency with 
which retraining should occur, and tho form which such retraining 
should take 

RESEARCH DESCRIPTION. Observe in-orbit crew performance 
to determine skill degradation of two types: that which occurs 
because of long-term disuse, and that which occurs gradually in 
frequently used skills Later research will investigate tccb'iques, 
equipment, and procedures for preventing skill degradation. Measure 
task timo ond orror using onboard timers and video tape techniques 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Simulation facilities roquirod for thoso 
skills which cannot be observed in operational mission tasks. Provision for 
human centrifuge 1,720 lb, 2,000 cu ft, 5,300-w poak power. 

CREW. Experimental subioctB, but in mpst cosos also performing normal 
mission activities. Contrifugo technician roquiiod. 

DATA. One video channel (1.3 MHz) to roloy TV image to ground, plus 
one low roto digital channol shared with othor data. 

OPERATIONS. Contrifugo operations roquiro a control consolo manned 
by a tost administrator to oporote ond monito. -ontrifugo ond monitor 
physiologicol condition of cxporimonto! subjects. 

RESEARCH SEQUENCING. Adaptivo crew mix for tasks performed 
frequently and thoso performed infrequently. Tasks selected and scheduled 
to take moximum advantage of time available for detection of skill 
degradation. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Ground studios to 
delineate tho operational problems ond hypothosos to be testod. 

RESEARCH COMMONALITIES. Common observations with 1 BR-3 
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RESEARCH CLUSTER 1BR-6-PERF0RMANCE MEASUREMENT 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. No special considerations, 


ABSTRACT 

OBJECTIVES. Evaluate activities, techniques, and equipment for 
monitoring, measuring, and assessing human performance In space 
Includes crow task performance, psychological states, crew inter 
action and group processes, and personality variables. 

BACKGROUND. Advanced diroct, indirect, and subjective 
mothods of assessing performance and behavior havo boon dovol 
oped, but verification In space of odeq. icy of thOGo techniques is 
needed 

RESEARCH DESCRIPTION. Initiate various advanced measure- 
ment tochrv'iuos log., timo-lapso video, volar-record analysis, 
physiological ii -dices, instrumented hardware) to bo used in human 
research in space Closo coordination required with oach of the 
human research experiment principal investigators. A carefully 
propnrod plan of in-orbit data segregation and accumulation will bo 
worked out before oach flight Analysis of the data and evaluation 
of tho techniques will bo done on tho ground. To achieve maximum 
valuo, data-toking for 6ome other experiments may hovo to bo modi- 
fied to permit simultaneous use of sovoral promising moaouromont 
techniques. 


CREW. Restricted to onboard activity required to accumulate and 
segregate dato related to effectiveness of performance measurement 
techniques. 

DATA. Data will bo that ordinarily collected for othor experiments, but 
must bo segregated for assessment of performance measurement 
techniques. 


SUPPORTING TECHNOLOGY DEVELOPMENTS. No additional requiro 
moms ore imposed boyond tho requirements for measurement technology 
development identified in other research clustore. 

RESEARCH COMMONALITIES. Measuromont techniques to bo evaluated 
will bo used In 1-BR-2, -3, and -4, 1-MM-1 through -6; 1 -EE-1 ond -2, and 
1-OE-1 through -6. 


OPERATIONS. No spoclai considerations. 

RESEARCH SEQUENCING. No special considerations. 


RESEARCH CLUSTER 1-MM-1 -CONTROLS AND DISPLAYS 
ABSTRACT 


OBJECTIVES. Accumulate ln-spaco human onglncormg data on 
tho Interface bctwcon man and controls and displays, under condi- 
tions of oxtonded duration, wolghtloGGnoss, and artificial gravity, to 
verify applicability of ground-basod human engineering doslgn 
principles to space. 

BACKGROUND. Much ground-based human engineering Is 
requirod on advanced display and control concepts. An oxtonslvo 
evaluation program In 6paco is needed to verify or rovlso humon 
engineering dosign criteria as they apply to spacoflight. 

RESEARCH DESCRIPTION. Verification of ground-based doslgn 
criteria accomplished through observation and crow evaluation 
during operational uso of controls and displays. Controlled human 
onglnoorlng experiments also conducted at an experimental work 
station. Task times, reaction times, and errors collected along with 
subjective comments of flight crow. Date will generally bo automat- 
ically recorded, processed through tho computor, and telemetered to 
Earth for analysis. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Onboard computor consolo required for 
programmed presentation of probloms to oxporimontol subjects. Tho 
experimental work station will weigh 750 lb, occupy o volume of 
336 cu ft, ond roquiro 360 w average powor, 660-w pook power. 

CREW. Af loost throo crowmon will sorvo os experimental subjects during 
each crew cycle, for a total of 1 20 30 min experiment sessions. 

DATA. T imo ond error doto will bo automatically rocordod on magnetic 
topo, time indoxod, ond tolomotorcd to Earth for onolyois. 

OPERATIONS. Periodic reconfiguration of experimental control/display 
station. Onboard capability for extensive retrofit of tho work station and 
logistics resupply of replacement controls ond displays 

RESEARCH SEQUENCING. No spociol considerations 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Computor hordworo 
and softwore development. 

RESEARCH COMMONALITIES. Tho objectives of this rosoorch clustor 
and 1-BR 3 are complementary ond may bo ochiovod by evaluation of tho 
same crew tasks. 


RESEARCH CLUSTER 1MM-2-LOCOMOTION AND RESTRAINT 


ABSTRACT 

OBJECTIVES. Obtain quantified ln-spaco data on crow loco- 
motion and restraint techniques and equipment noodod for dos'gn 
requirements, procedures, and oquipmont evaluation. 

BACKGROUND. Valuable oxporionco In restraint and locomotion 
devicos has boon gained In spacoflight to dato, and additional data 
will como from Skylab A experiment M-S09. To fulfill tho multiple 
need of prolonged flight under zero-g and partial-g conditions, addi- 
tional space research is noeded. 

RESEARCH DESCRIPTION. Protest on the ground and evaluate 
In spaco carefully designed experimental tasks, using specific loco- 
motion and restraint techniques and oquipmont. Using Impact and 
occoloratlon sensors, biomedical Instrumentation, tlmoro, and TV 
cameras, collect data on onorgy expenditure, Impact forces, accelera- 
tions gonorated, crow time, and difficulties encountered In using tho 
techniques and devices. Subjective evaluations by crowmon will bo 
an important part of the data collected. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Equipment specifically dosignod for 
this rosoarch cluster will weigh approximately 1001b and occupy approxi- 
mately 64 cu ft. Electricol powor will ovorogo 40 w. 

CREW. Experimental subjocts ond ovoluotors of techniques and 
oquipmont, 

DATA. Doto generated will consist of wrilfon copy, magnetic tope, video 
tapo, and voico recordings tronsmitted lo Eorth for anolysis. 

OPERATIONS. Rosoarch includes both IVA and EVA tasks, spacecraft 
operations may bo curtailed or modified during somo oxporimonts. 

RESEARCH SEQUENCING. Experiments should occur ovory 10 days 
over a 3-year period, toko odvontogo of periods of zoro-g ond ortificiol-g; 
and provide for oxporimonts with advanced oquipmont ond techniques. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Portablo metabolic 
analyzor, on-body occoloromoters, and ground simulation of resoorch tasks. 

RESEARCH COMMONALITIES. None. 
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ABSTRACT 


° B ^ ECT , ,V * S - ot),ai " spaeo verification of ground-dcvcicpod 
design criteria for spaca-vehlclo archltoctoro, environment, mobility 

o«lrfoX| r e^ nafl0m0n, ' PC,S ° n01 hVfll0n0, housoke °P ,n B. and 

BACKGROUND. Current knowlcdgo based on ground simulations 
and short-duration manned spaceflights. Aetuol spaceflight stresses 

oMolfdcdtpacofSr rCqU,f ° VCrl,ICa ' lHn ondor r0al eoM ™ 01 

RE6EARCH DESCRIPTION. Moasuromonto mode ivhllo crowmon 
perform normal activities to dotormlno offocto of habitability 
foa uroo on physical health and work efficiency. Subjective crow 
evaluations of habitability footuros elicited. Advanced concepts for 
providing roconffgurnblo Interiors evaluated for their need ado 

hi i nm^ i ° , ’. d 1 CrCW roac,lon - f^VBlcal health data collected' with 
biomedical nstrumontatlon. Most othor data will bo dorlvcd bv 
tlmo-lapco video and crewman responses to habitability question 


RESEARCH CLUSTER 1MM3~HAB»T ABILITY 

CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. Measurement and recording equipment 


Plu^equipmcn, lor reconfiguring mtor.ors 1 25 lb 7.0 cu f" 00 “S 

ini*'' 1 , ® och . *»“ ™«P«nd to a habitability questionnaire every 

10 days, requiring 100 min per crewman per 00 day cycle. 

“PV. moflnotie lope, and electrical data requiring one 
low rate IGOObit/sccI digital and ono analog <1.3 to 3.0MHz> channel 
telemetered to ground for analysis. Biomedical data from roloted oxpore 
moms requiro segregation for uso in this research. * 

OPERATIONS. No mtorlorcnco with daily routine oporot.ono Mcasuro 
mom equipment shored with other experiments. Logistics resupply must 
accommodoto nino 2/100 It rolls of mognotlc topo each 00 days 

RESEARCH SEQUENCING. No special considerations 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Ground simulation to 
perfect techniquos onci procedures. 

RESEARCH COMMONALITIES. Idem, col doto on crow health ore 
required in several biomedical research clusters. 


ABSTRACT 

OBJECTIVES. Dotormmo offocts of oxtondod spaceflight on 
circadian rhythms, sloop behavior, reaction to omorgoncios when 
owakoned from sloop, and optimum scheduling of work, root aid 
sloop poriodo. ' 

BACKGROUND. Ground-based rosoorch on circadian rhythms and 
work -net cycloo, olono with oxporlonco accumulated In mannod 
spacoflight provides a starting point for this research. 

RESEARCH DESCRIPTION, Continuing long range effort using 
different types of vohlclos, crows of dlfforom sizes and composition 
and under different mission conditions. Rocord, on a non- 
interference basis, data on circadian rhythms, longth and dopth of 
sloop, work efficiency under dlfforont work-root schedules, and crew 
responses to emergencies when awakoned from sloop. Collect data 
on circadian changes in biomedical and behavioral Indicators such as 
cardiovascular activity, body tompoioturo, metabolic rato, blood 
c lomistry, fatigue, level of attention and concentration, and work 
offlcioncy. Sloop data will Includo EEG recording and eubjoctlvo 
fOGponGos of crowmon. 


RESEARCH CLUSTER 1-MM-4-WORK-REST-SLEEP CYCLES 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES, Measurement equipment, shared with 
avorago b0 ' OUt0r0 °" d l,lomodlco1 oxporimonts, GO lb, 2.5 cult, 100 w 

C ' ow 6orv i ° 33 oxporimontol subjocto whilo performing no, mol 
activities. No special skill requirements 

DATA, Biomedical data, TV tape, ond crow voico logs, processed and 
collated onboard for transmission to ground for detailed analysis 

OreRATIONB. Flo ‘‘ lt,, ° opwohonol schedule to vary work rest sloop 
eye os Safety monitoring necessary during crew response to emergency 
Testing 

RESEARCH SEQUENCING. Adoptivo scheduling must consider multiple 
uso of measurement equipment by dlfforont oxporimonts Sloop moasuru 
cycle 0 W ' b ° SChedU ' 0d pro,ll0h, • Mr| V' '"'dwiay, and late m each crow 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Analytic ground 

research to identify emergency tasks 

COMMONALITIES. Equipment ond doto shared with 



ABSTRACT 

OBJECTIVES. Acquire In space data on mon-machine interface, 
human capabilities, and design crltoria for tools, romoto manipu- 
lators, optical aids, ond job aids. 

BACKGROUND. Considerable ground research has boon dono on 
space tools, remote manipulators, and computer-generated job aids 
by various governmental and industrial researchers, but optical aids 
for enhancing man a vfbual capabilities In space have received llttlo 
attention. 

RESEARCH DESCRIPTION. Rosoarch activities divided into fou, 
subgroups ools, remote manipulators, optical aids, and |ob aids 
Individual experiments over several years of spaceflight, changing as 
advanced aids become available Observations generally made as 
crewmon uso performance aids in normal mission tasks, but simu 
Inted tasks used where necessary Data collected on task times ond 
errors, accuracy, cnorgy expenditure, forces, torquos, ond diffi- 
culties encountered, by using instrumonted task boards, timers, TV 
cameras, and crew logs as measurement devices 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. Task boards, romoto manipulators, 

onI 0rm ,°' ,C „ 0 Ql<ic ' ond "’ousuromunt oquipmont approximately 
JOO lb, 200 cu ft, 350 w. 

CREW. Approximately 1,000 hr over five-year period 

DATA Doto will consist of mognotlc topo, TV film, ond voice, ono onolon 
channel for vidoo and 21 to 25 digital chonnols for measurements from 
mstrumontod hardware 

OPERATIONS. For somo optical aids experiments, spacecraft must bo 
over ground truth oitos. 

RESEARCH SEQUENCING. No special considerations. 

f^ PP .° R !r' N0 K T u ECHNOLOOV DEVELOPMENTS. Universal, flexible 
task boards which eon bo reconfigured in spaco and used lor a variety of 
experiments, tool soloction program for powered ond unpoworod tools; 
spaco-quolified bilateral mostor/slovo romoto manipulator; opticol aids for 
Eorth visual surveys. 

RESEARCH COMMONALITIES. Common doto requirements with 

1 *d n 
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RESEARCH CLUSTER 1LS-1-PHASE 

ABSTRACT 

OBJECTIVES. Osin basic knowledge of phase separation art 
boiling heat transfer In weigh tlossnose, to improve the design of 
sdvonced life support systems. 

BACKGROUND. Life support systems designs for extorted spate 
operations rely upon converting crew waste to useful commodities. 
Candldoto approaches convert liquid to gas by boiling heat transfer. 
Subcritical cryogenic otmosphore storage requires llquld-to-gas phase 
change in heat exchanger by boiling heat transfer. Solid amine CO 3 
control concept consists of absorption beds regenerated by steam 
generated by boiling heot tronsfor. Currently, 1 g extrapolation Is 
Insufficient to doslgn efficient scro-g hardwaro confidently, 

RESEARCH DESCRIPTION. Study incipient and nucleate boilfrg 
by heating typical surfaces {plates, spheres, cylinders) In 0 liquid 
tank. Vary orientations, heat flux, pressure, and low-g forces. 
Dynamics of bubble oizo, growth roto, ond velocity observed with 
hlgh.spocd TV and cameras through tank ports. 


i CHANGE AND THERMAL PROCESSES 

CONSIDERATIONS POR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Electrical power Ipeak 1 ,600 w |10M, 
average 200 wl. Cylindrical plexlglas tank, cameras (TV and film), various 
typical turfoces, recording and display equipment. 

CREW. Engineering skill required to set up test surfaces, monitor 
Instrumentation, and operate controls. Understanding of boiling phenom- 
enon and research cluster ob|ectlves required. 

DATA. Film or video magnetic tape. Voice annotations of observations. 
Onboard processing and viewing of filmed observations desirable. 

OPERATIONS, Controlled low-g forces for short periods. Transient 
random accelerations above 10'0g not permitted during data run 

RESEARCH SE0UENCIN6, Control reference in 1 g for comparison 
with space data 

SUPPORTING TECHNOLOGY DEVELOPMENTS, Fluid physics appo- 
rolus, zero-g condenser, boiling and condensing steam, 

RESEARCH COMMONALITIES. Data applicable 10 rescorch clusters 
1-L8-3, -4, ond -7, Common objectives with 4 P/C-3, 


RESEARCH CLUSTER 1LS-2-MATERIAL TRANSPORT PROCESSES 

3STRACT CONSIDERATIONS POR IMPLEMENTATION 

rer l o d n r!l, C r C0,n,f ’° eondonsln ° " oa « SP * CE FACILITY RESOURCES. Elcctr.col power 1,000 w. Fluid lank 


ABSTRACT 

° b,0 ' n empirical data concerning condensing hoot 
tranolor and fluid dynamics In core gravity. 

BACKGROUND. Design of advonccd life support systems for 
long-durotion spaceflight to 0 largo oxtont involves material trano- 
MJrt processes. Steam-deserbed rosin, a candidate for COj removal 
rolios on hot stoam to desorb tho beds. To dooign a zorog condcnsor- 

morn ri' 0n 'F |r ' cal data ,B needed to supplement theory Current 
hoory dorived for tho 1-g environment may require revision for 
rero- or partial-g applications. revision tor 

RESEARCH DESCRIPTION. Pass condonsoblo fluid, hoated to tho 

will mch dn* tv lhr ° UOh 6lUSa condonom f> ,ut, es. Instrumentation 
will Includo TV monitoring ond high speed film recording of the 

bTmfT" 9 , P /° CCM Eva,ua, ° local moan condensing heat- 
runolor cooff iclonto, prooouro drops. Variables to bo monitored 
Incude temperatures, pressures, flow rates, and power, Repeat for 
various lovolr- of vohiclo acceleration. Record flow instability art 
vapor/liquld flow distribution. V 


— * ...v— I ,uuu vv, t tutu IUHR 

and condensor cameras (TV ond film), sensing instrumentation ond 
metering equipment. 

CREW. Engineer skills, to set up and adjust boiler and condonsor 
equipment, monitor tost runs, and onolyre results. 

DATA. F Urn and video magnotic tapo. Voice annotation ol observations 
Onboard processing and viowlng of film doto. 

OPERATIONS. Produco various low-0 forces lor short periods. Random 
accelerations not permitted during data run. Roturn to stoody stoto 
condition required between ooch programmed sot ol varioblos. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Fluid physics equip 
mont development ond test routmos. Negatlvo pressure dovico. 

RESEARCH COMMONALITIES. Data applicable to 1-LS-3, -4 -7 and 
•10. Common objectives with 4-P/C-2. 


RESEARCH CLUSTER 1-LS-3-ATMOSPHERE SUPPLY PROCESSES 


ABSTRACT 

OBJECTIVES. Dotermmo tho moot offoctlvo mothodo for cpoco 
craft atmocphoio storage and processing m an intogrmod spacecraft 
Ido support Gystom. 

BACKGROUND. To reduce tho supply and resupply weight of 
oxpondablos, it Is nocessary to closo the loop by recovering as much 
oxygon as possible from CO. and water. Various methods (Sabatier, 
Bosch, and components ol the molten carbonate and solid oloctro- 
lyto systoms) havo boon developed and tested on Earth. Final scloc 
tion must bo made In tho operational weightless onv'ronmont. 

RESEARCH DESCRIPTION. Perform comparative functional tosts 
on three or more life support units, oach containing a complete 
atmosphere supply procos3. Stored COj and H. are fod to tho units 
at controlled mixture ratios while products of reaction are collected 
ond analyzed. Moasuromonts will also include requirements for oloc- 
trie power, heating ond cooling, and maintenance Tost EC and LS 
devices operate through one crew cyclo oach. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Requires gas supply of COo ond Ho. 
Electrical power 1,000 w. Units (or test (Sobotior, Bosch, molten carbon- 
oto), plus storage tanks, heat oxchongors, purging apparatus, gogos and 
controls, and recording ond display equipment. 

CREW. Enpinoor with knowledge of Ido support system operotlon and 
familiarity with tho tost equipment, to configure equipment adiust 
controls, ond monitor results. 

DATA. Automated units with continuous crow monitoring On-call 
readout of doto output. 

OPERATIONS. Safety systom (or control in event ol tost failure, 

RESEARCH SEQUENCING. Prelaunch quoldicotion tost ol units in 
ground simulotor. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Roseorch in roloted 
motoriols, catolysts, /oro-g condensation, boiling, and zero 0 two-phoso 
liquid-vapor separation. 

RESEARCH COMMONALITIES. Doto applicable to 1 LS-5, -7, and -12 
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RESEARCH CLUSTER 1 LS-4-WATER MANAGEMENT 


ABSTRACT 

OBJECTIVES. Tost and evaluate, in iho cpaco environment 
vanouo techniques and hardware associated with the storage, proccr 
valion, oruJ reclamation of wator for manned cpocoeraM 

BACKGROUND Sovoral techniques have Been looted on Earth but 
ropuiro flight toot Pasteurization 15 a promioing system for preserve 
lion Reclamation processes mvolvo mombrano filtration and phaeo 
chanoo procoosuo, among others Air evaporation for iorofl opera 
lion two boon tooted on the ground, as has a vapor pyrolysis system 
A vacuum distillation vapor filtration technique has boon demon 
abated, hut design and tooting arc required for zero g operation 

RESEARCH DESCRIPTION. Functional capabilities of various 
pilot units using different approaches will bo tosicd in cpaco Units 
will bo fed with biowastoo and wjcIi water diverted Irom iho base 
lino system, and iho roeovored H.O and gases will be colleetcd and 
analyzed Measurements include water anti gas chemical content 
analysis, microbial tests, and crew reaction Tost unit operation and 
data acquisition will be automated 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Equipment weight 10 <100 lb volume 
JO cu It, electrical powor 700 w, with instrumental soncoro on line 

CREW, Engincor familiar with water recovery unit operation and 
maintenance, to octivato recovery and water system unit tests, monitor 
sensors and gages, and perform minor atliuotmonts ond maintenance 

DATA, Automated data output of parameters on mognotic tope Voice 
annotation. 

OPERATIONS. No special considerations Alter cclup and activation 
monitoring and maintenance at 10 . ol astronaut time At least five dovo of 
operation per lost cyclo. 

RESEARCH SEQUENCING. No special considerations, cthor than con 
vomont diverting of spacecraft operational wator system '•'njllight Simula 
non testing of units desired in integrated life support system, 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Study ol mass hundl 
mg, phase change, gas/ liquid solid soporotion m zorog. and microbial 
dotoction ond suppression, 


RESEARCH CLUSTER 1LS 

ABSTRACT 

OBJECTIVES. Tost and evaluate various systems to obtain design 
data for the electrolysis of water as a source of oxygon, in the 
weightless environment 

BACKGROUND. Recovery of oxygen from COj and water will 
reduce consumable storage requirements Current process 
approaches to electrolysis of water (asbestos matrix KOH vapor 
feed, sulfuric ucid/water vapor cell, absorbent KOH matrix, solid 
polymer electrolysis cell) require testing and evaluating subsystems 
and components in weightlessness 

RESEARCH DESCRIPTION. Evaluate functioning of three or 
more advanced water electrolysis tost units Units are essentially 
automated closed systems Data to be gathered include water use 
rate, heat repletion rate, gas composition, gas contamination, 
temperature, and pressure Performance measurements include 
requirements for electric powor, heating and cooling, and mamte 
nanco Oxygon generated will be returned 10 spacecraft system, and 
the Hi used for life support processing requirements. 


RESEARCH COMMONALITIES. Data applicable to 1 LS 0 an d 12 

0-WATER ELECTROLYSIS 


vunoiusuHiiuNb full IMPLEMENTATION 

afn u E !! AC,UT * RES0URCES ‘ Estimated weight of units undet test 
dUO lb Occupy dB cu ft Electrical power 700 w thermal output 300 w 
Oxygen and hydrogon gases returned to spacecraft system. Gao contamina 
lion mass spectrograph, gas chromatograph and ozone motor 


CREW. Engineer familiar with test unit operation ami maintenance, to 
monitor data results and perform analyses 


DATA, Automated, approximately GO data channels, lor magnetic tape 
Voice annotations and visual displays 


OPERATIONS. No spocial considerations Collected H 2 stoied and added 
to baseline waste collection system. Stable voltage and current during tests 

RESEARCH SEQUENCING. No special considerations Gas analysis run 


SUPPORTING TECHNOLOGY DEVELOPMENTS. Requires research ,n 
two phase flow separation and condensation m zorog, and improved 
electrode and separator life Wator electrolysis tost unit 

RESEARCH COMMONALITIES. Data applicable to I IS 3, 9, and 12 


RESEARCH CLUSTER 1-LS G-FOOD MANAGEMENT AND PROCESSES 


storage. 


ABSTRACT 

OBJECTIVES. Evaluate various methods of food 
processing, and regeneration in the weightless environment 

BACKGROUND. Only short duration spaceflight tost data on u 
few storage techniques are available. Data required on long term 
crew response and subsystem impact Regeneration methods to be 
developed include edible fat synthesis Work on Hydrogonomonos 
I'utrapha, hydrogen fixing bacteria, halted because of poisoning of 
test rats Another food regeneration process should replace research 
in this cluster if this process development is not continuous 

RESEARCH DESCRIPTION. Tost food storage methods including 
freeze dried, frozen, and irradiated Obtain data on palatamlity, 
energy storage, and water storage requirements. Test food rogener 
ution processes including chemical synthesis via the glycerol process 
photosynthesis from living plant cells, and biochemical reactions by 
such hydrogen fixing bnctoria us Hydrogenomonos eutrophj. Data 
to be collected include requirements for power, thermal energy, 
efficiencies, and chemical and microbial water potability analysis 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. For food regeneration test unit 
estimated 1,700 lb, 100 cult. 6,000 w Food storage depends on crew 
requirements, estimated at 2,500 1b, 100 cult, and 1 000 w Hydro 
genomonm mixing chamber. H 2 0 distillation unit, electrolysis unit 
incinerator, and analysis equipment 

CREW. Engineer familiar with tost unit operation and maintenance 
Evaluate test data 

DATA. Automated data on magnetic tape End product samples saved lor 
analysis 

OPERATIONS. Complex process precludes interruption during test cycle 

n 't'° ,osts musl i,vv ‘ ,M accumulation ol biowasle Some system processes 
gravity sensitive 

RESEARCH SEQUENCING. No special considerations 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Integration 
HydrogenomoriM eulropha system components Evaluate Hydrout * 
nomotuK outroph.i process in simulation prior to flight 

RESEARCH COMMONALITIES. Data applicable to 1 LS 9 and 12 
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RESEARCH CLUSTER 1-LS-7- ATMOSPHERE PURIFICATION METHODS 

1CTQAAT • wfc-rkJ 


ABSTRACT 

OBJECTIVES. Test and evaluate l ho oporation and effectiveness in 
tho weightless environment of various method# of atmosphere 
(luritication tor manned spacecraft 

BACKGROUND. Removal of CO. Iron* spacecraft atmosphere is 
pnmti aclivfty Systems are considered which remove and conceit 
'‘"I,, , 0) ' or P;°c«63.no by oxygon recovery systems Methods 
currently under development include olectrodialyais. solid aminos 
molecular sieves liquid absorption, and earbonation colls Solid 
ammo and molecular sieve have been tested in manned simulators 
development 11 "'' 1 cdr ‘ ,on ‘* t,on co " 18 demising and in early stages of 

RESEARCH DESCRIPTION. Test seveial COj concentrator 
systems, using cabin air introduced into tost units, and collect and 
analyze resulting effluents Data gathered include liquid and me- 
llows, chemical analysis of liquids and gases, temperatures, electric 
power, and heating and cooling requirements Performance of ouch 
Candidate system evaluated for a variety of tost conditions 


RESEARCH CLUSTER l-LS 

ABSTRACT 

OBJECTIVES. Establish requirements and reel. oology for auto 
^ac«crafT n, ' 0r, ' 1 ° C ° n,r01 °' suppor * ^.o.m in manned 

BACKGROUND. Experience with integrated life support systems 
in manned simulator programs has shown that excessive crew time is 
required for the manual monitoring, control, and adjustment ol life 
support system operation Recent studies by the NASA have 
examined diagnostic computer programs for acquiring subsystem 
data, coir, paring with selected values for out of tolerance, activating 
controllers, fault isolation, and display 

dnfm?, CH DESCR ' PT,ON ' Ooboard evaluation of automated 
data management system console Contains tho monitoring con 
trols, displays, storage, and telemetering functions at varying levels 
of automation Tho initial system will control the life support 
sys om at a primitive luvel with significant crow manual involve 
men, Acquisition and comparison functions gradually merged with 
the reduction and command functions to bring crew participation to 
a minimum Crew will observe at console all sensed data from life 
support subsystems and adjust operating parameters. 


CONSIDERATIONS FOR IMPLEMENTATION 

2ot C f, F 4 A oo'w V RES0UHCES - C0 2 unit# under test. 300 ,b. 

JO cu ft, 400 w Vacuum pump, electric powor regulation system cabin air 
blower, and associated motoring equipment for CRT display and recording 

ue, E ^' Eno " ,00, w " h ,ho,o "0h knowledge of units under test Asses# 
ad|ust, and ropeir system, including data evaluation 

DATA Automated data collection «n magnetic tape Sample data 
displayed at console on CRT oampieoata 

wm E nm TI0NS ' Po5s,bl ° m,pac ' on operation of basollno system which 
will not oporoto at maximum capacity during tosts due to bypassed cabin 
air. Tost cycle over 90 day ppriod foi each system 

a “" *•> 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Investigations re 
quirod in areas of zorog boiling and condonsing, zorog hquid -vapor 

XSli m ° fl mUSS ' ri,nS ' >0r ' Ap,0l "' < ‘ a “ ln *« rumen, ation for 

RESEARCH COMMONALITIES. Data a pplicable to I LS 3 and 12 

-8-MONITORING AND CONTROL 

CONSIDERATIONS FOR IMPLEMENTATION 

E ? h L,, ° 8UPPOM <,U,n '" a " a «" systems 

^h clpulMn,erh,ce • ,nC,UdU5 1,0,0 C ° nSOl ° dlSP '° V a "‘’ "«*• "«■ 

CREW. Engineering backgiound and familiarity with the hfe support 

sv! ZZZ)Zl' a T '" 0ni ' 0r °‘ ,,PU '' ° pora,c observe 

system capabilities at successive complexity levels. 

DATA. Recorded and displayed sonsod data from life support system fed 
to data management system. Crew will monitor output, note and IZLt 
performance, and rospond to equipment control requirements. 

OPERATIONS. Mission duration. Introduce automated control and 
monitoring functions progressively. 0 10 

RESEARCH SEQUENCING. Crew participation will gradually decrease as 
automated control capability is demonstrated. 

SUPPORTING TECHNOLOGY DEVELOPMENTS n.i. 

m0flSUr0 "’°'’* s: a " d ^I-VWOU 

RESEARCH COMMONALITIES. Life support subsystems m 1 LS ( • 


RESEARCH CLUSTER 

ABSTRACT 

OBJECTIVES. Test and evaluate, in the weightless environment 
various methods (or biowas'e collection, handling, and disposal in 
manned spacecraft 

BACKGROUND. Spaceflights to date have employed tho bag and 
stow method of waste management. Advanced methods to be tested 
include vacuum dry-g, vapor compression, and incineration. The 
wet oxidation method shows promise but is still in feasibility 
demonstration phase. ' 

RESEARCH DESCRIPTION. Activate various test systems ,n place 
of the spacecraft baseline system, Oporation monitored and adjusted 
by crevw Data collected on system oporation include mass flows 
thermal flows, and power requirements for durations up to full crew 
cycle Samples of effluents analyzed for water potability, bacteria 
radiation level, and chemical constituents. Crew use of waste 
collection facility recorded by camera Waste treatment and water 
recovery systems essentially automatic. 


1LS-9-WASTE MANAGEMENT 

CONSIDERATIONS FOR IMPLEMENTATION 

wM? nfnhcr| C ! IL,1 | V RES0URCES - T °st systems powor and thermal loads 
Tnn P !? 1>asollno system requirements. Tost system 900 1b 100 cu ft 
500 w. Commode and urinal, phase separators, pyrolysis and incinerabon 

ssasSE comp ~ a - d ™° ,od 

CREW. Engineering background and familiarity with operation of systems 
under test, schedule replacement of screens and fibers a d per ,o 
routine mamtononco and repair penorm 

Wmned Al;,Om °' 0d d0 '° °" n ’ a9M0 ' ic ,apo Soll(l byproducts samples to be 

° Pt L" ATIONS ’ Radiation shielding and monitoring of radioisotope 

SL Uo 10 9 °"”* "» «** 

RESEARCH SEQUENCING. No speciol considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zorog phase separa 
tion, waste management systems concepts. 

RESEARCH COMMONALITIES. Data applicable .« i.i ca 


RESEARCH CLUSTER 1-LS- 

ABSTRACT 

j^“ T ' V6B - T ° S '. ° valuo, ° var,ous c °'"P°"onts and circuits 
for Iho transport of thormol onorgy in o spacecraft onvironmont 

wMabHity P ' ,,1Um d ° Sl ° n WiU ‘ r0SP0C, *° WOi0h, • ' ,0,umo * Power, and 

n^r C nr^ R0U . N ?', Pr0vldin ° a habitable area involves 

cbruitB , ° bv ,r ‘ ,n5 P° r,in 0 wurco boat to thermal sinks, air 

Circuits for crow comfort, waste heat circuits, and coolant loops 
Processes involved mcludo thormol conduction, forced convection 

L^aso f°low CO C d0niiin0, a " d Wapormlon or boi,i "0 Processes In two^ 
phuso flow. Current approaches suffer a weight penalty. Two-phase 

condensation flow in zoro-g would permit tho dosign of lighter- 
weight radiators and heat-transfer circuits. H 

RESEARCH DESCRIPTION. Obtain porformancn data on hoot- 
ransport equipment, slnglo loops, and integrated loops. Basic hard- 
ware and components will bo interconnected Imo loops of 
Increasing complexity. Tost active and passive thermal control 
techniques. Parameters to bo measured includo tomporoturus fluid 
flow, prossuros, molsturo content, hoat-transfor rotos, and powor 


10-HEAT-TRANSPORT EQUIPMENT 

CONSIDERATIONS FOR IMPLEMENTATION 

volume P n C,L ' TV RESOURCES. Moat-transport test unit wolght 700 lb, 
volume -lOcuft, electrical power 1,000 w. Includes Insulation, radiative 
surfaces, condonsers, etc,, Instruments for metering, recording, and display. 

fwifeh'„ En0inf !! r , ll<i,l8d ln ,<m un " °P° ra ' ion and maintenance, to start, 
switch over, and shut down test, monitor operations, and assess test data. 

wnh nA.ie U ? m ° ,ed l d0,B reco,ded on IT, agnetlc tape and visual displays, 
with optional manual ovorride. 

? n P n E .i RAT,0NS ' ■ T ?' 8 mav b0 'ntorrupted and restarted. Fourtoon-doy 
continuous monitoring, v 

” E “J RC f SEQUENCING, Components inserted Into heat-transport 
loop to replaco baseline system. 

nh B P n P n 0RT, ^ G T ‘= CHN0L0GV DEVELOPMENTS. Multiphase flow 
phenomena in steady ond transient conditions and zero-g condonsor. 

RESEARCH COMMONALITIES. Data applicable to 1-LS-8 ond -12. 


RESEARCH CLUSTER 1-LS-11-CREW 

ABSTRACT 

OBJECTIVES. Evaluate in tho weightless environment the require- 
ments for and techniques of tho detection and control of conditions 
which are hazardous to tho crow, such as firt t 'mporature extremes, 
biological ond atmospheric contaminants, fluid spills, radiation, and 
hazards caused by space vacuum and meteoroids. 

BACKGROUND. Fire detection systems such os infrared and ultra- 
violet sensors, smoke alarms, and condensation nuclei counter aro 
being developed for space. Fire suppression techniques such as CO } 
halocarbons, inert flooding, ond atmosphere dump are being 
Investigated. Similarly, various techniques for detection and repair 
of leaks, and radiation detectors ore being investigated. A variety of 
spacesuit designs exists ond now ones ore being investigated. Final 

evaluation of those efforts requires testing in space. 

RESEARCH DESCRIPTION. Conduct research activities in a 
hazard controlled area of tho space laboratory. Fire detection and 
suppression tested in boll Jars. Tracer fluid spill detection and 
control conducted on lor M e volumotric scale. Spacosuits evaluated 
undor tost and operational conditions. 


EQUIPMENT AND PROTECTIVE SYSTEMS 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Soporato ond solf containod isolated 
tost area roquirod, 10 x 10 x 10 ft. Moximum powor 500 w. Look dotoc- 
tors firo oxtlngulshor, spacosuits, etc., to simuloto hozords undor controlled 
conditions. Includes recording cnmoros (TV ond film) and recorders with 
displays, 

CREW, Engineers fomiliar with reseorch activities and data evaluation to 
control tests closely ond ossoss safety hazards. 

DATA, Video ond film. Includes tested spacosuits, otc. (Information 
gained from tests will be Immediately useful.) Voico annotations on 
magnetic topo. 

cwa R m TI ? NS ' lsola,od and controlled. Spacesuit testing to Includo 
b va. Noninterference with spacecraft baseline systems. 

RESEARCH SEQUENCING. No special considerations othor than emer- 
gency procedures for crow protection. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Contaminant-proof 
environment control ond life support system; Improved EVA suits. 

RESEARCH COMMONALITIES. Data applicable to 1-LS-7, -8 ond -12 
Some equipment commonality with 4-P/C-1 and -4. 


RESEARCH CLUSTER 1-LS-12— MAINTENANCE AND REPAIR 


ABSTRACT 

OBJECTIVES. Determine under operating conditions in tho space 
environment the requirements for and optimum methods of mainte- 
nance, repair, and retrofit of life support systems. 

BACKGROUND. Maintenance and repair techniques of systems 
and components hove boon examined in manned simulators. Final 
designs and maintenance and repair methods will depond upon 
constraints imposed on crew tasks by weightlessness .and on tho 
development of task aids techniques for spillage control. Final 
evaluation of techniques must be performed by man in thoweight- 
less environment. 

RESEARCH DESCRIPTION. Perform routine system maintenance 
ond task boards to observe times and degree of difficulty in disas- 
sembly, repair, and reassembly of electrical, mechanical, and fluid 
transmission elements of typical failed system. Annotate unsched- 
uled maintenance requirements in detail. Television and film 
monitoring of maintenance operations. Examples of testing to 
include valve signatures via pump performance, and temperature 
sensor responses. 


CONSIDERATIONS FOR IMPLEMENTATION 

FACIl - ITV RESOURCES. Workshop area containing maintenance 
task board, electric powor sources, fluid locks, diagnostic equipment 
zero-g hold-down equipment, ond recording ond dlsploy dovlcos. 

CREW. Engineers skilled in diagnosis of failures, maintenance and repair 
techniques, and data gathering. 

DATA All modes of recording and display. Data obtained from tests 
immediotoly applicable. Voice annotations on magnetic tope. 

? PE ?n, TI0WS ' N ° spocl01 considerations, other than following main- 
tainoblllty procedures on odvancod system components. 

RESEARCH SEQUENCING. No special considerations. Task board and 
site operational maintenance subjected to time and motion analysis. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Aids to man's per- 
formance in maintenance and repair (see research cluster 1-MM-5), 

hfi S fq? £ ! H COMMI l ° NALITIES - Dow applicable to all reseorch clusters 
in 1-LS-l ) series and for 1-BR-3, 1-MM-5, ond 1-OE-2. 



RESEARCH CLUSTER 1EE-1-DATA MANAGEMENT 


ABSTRACT 

OBJECTIVES. Evaluate data management hardware and crow 
procedures in space (or in orlnt processing, storage, retrieval, and 
display of experimental data to identify human engineering design 
criteria, improved procedures, and selection and training require 
monts. 

BACKGROUND. Optimum use of man’s capabilities in space and 
the huge amounts of data to bo cotiocted demand greater crow 
participation in data handling, which dictates development and tost 
of advanced equipment, techniques, and procedures. 

RESEARCH DESCRIPTION. Data management procedures 
developed in ground simulation will be verified In space by having 
crewmen perform data processing, evaluation, editing, storage, and 
retrieval using advanced hardware and procedures with solocted 
experimental data generated by other experiments. Adequacy of 
equipment and procedures will bo measured by examination of the 
resultant products, by automated computer scoring techniques, and 
by analysis of crow comments Considerable ground-based develop- 
mont and experimentation will precede the Inflight research. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Onboard film processing, photo on 
lorgoment, and microfilming facilities ore required. 

CREW. Full crow participation. Evaluation will involve throo to four 
manhours per week throughout the four-year research program. 

DATA. Photographic film, magnetic tope, crow logs (topo recorded), and 
computer printouts roturnnd to Eorth for dotoilod analysis. 

OPERATIONS. No special considerations. 

RESEARCH SEQUENCING. Research activities must bo sequenced to 
coordinate with availability of data from other research clusters 

SUPPORTING TECHNOLOGV DEVELOPMENTS. None. 

RESEARCH COMMONALt TIES. Correlation required with otho r research 
disciplines such as Eoith Observations whoso data will bo handled, and with 
1 OE-5, which is concerned with data management operations. 


RESEARCH CLUSTER 1-EE-2-STRUCTURES 


ABSTRACT 

OBJECTIVES. Obtain in orbit design data on the dynamic charac- 
teristics of advanced structural concepts, Including deployable, 
expandable, extendable, and rotating structures of the typo used ui 
solar coll arrays, large antennas, extendable booms, and expandable 
tunnels, airlocks, and shelters. 

BACKGROUND. In space design data are needed on mechanisms 
for deploying structures, largo-diameter dynamic space suals, lubn 
cant stability, thermal control, stowage and packaging, and rigid- 
ization requirements for advanced structures. 

RESEARCH DESCRIPTION. Monitor the operating parameters 
for (I) mechanisms required for duploymunt of largu structures, 

(2) prototype expandable airlocks, tunnels, or experiment bays, and 

(3) extendable booms for positioning various sensors. Parameters 
include tomporature, pressure, voltages, currents, speeds of rotating 
machinery, dimensions of deployed and retracted structures, and 
crew performance in interfacing with structures. Measurement 
methods use visual observations, TV cameras, and manual sampling 
of lubricant. 


RESEARCH CLUSTER 1EE-3- 

ABSTRACT 

OBJECTIVES. Acquire in-spneo engineering design and crew 
performance data on advanced stabilization and control systems 

BACKGROUND. Skylab A experiments and operations will con- 
tribute valuable information in this aroa, particularly with rogaid to 
crew motion disturbances nnd performance of control moment 
gyros. Additional in space uffort beyond Skylab A is required. 

RESEARCH DESCRIPTION. Activities involve drift measurement 
of gyroscopic attitude controls, disturbance torque measurements, 
and biowaste electric propulsion. Gyro drift measurements using 
gyros in detached modules with data transmitted to manned 
spacecraft. Acceleration disturbances from various sources measured 
by accelerometers mounted in spaceciaft. Data fed to computer for 
analysis. Biow ,ste electric propulsion system, using gases from life 
support methino Sabatier system, tested to evaluate thruster 
materials, waste collection, conditioning, nnd feeding and operating 
parameters. Measurement and recording of operating parameter data 
automated. Data on crew performance obtained from crew 
comments. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Spacocialt must accommodate expert- 
montul structures in stowed condition and provido for deployment of each 
structure, which moy involve penetrations of the vohiclo shell. Viewing 
ports are required. Typical experiment oloctrical power 550 vv average 
1,000 w peak. 

CREW. Cruwmon will act as experimental sublets and os observers. 

DATA. Visual observations annotated on magnetic tape, TV vldicon, and 
film transmitted to Earth for ground onulysis. 

OPERATIONS. Logistics rosupply requirements include shipmont of 
odvonced structures to orbit snd roturn of obsolete structures. EVA 
activity is required for some expandable structures to bo tested. 

RESEARCH SEQUENCING. No special considerations, except ns dictated 
by operational tost procgduroE. 

SUPPORTING TECHNOLOGV DEVELOPMENTS. None. 

RESEARCH COMMONALITIES, Research date on crow capabilities cun 
bo used to partially fulfill requirements of 1 RR-3. Structures resoarch con 
be combined with some aspects of 1-OE-3, und with 5-TF-1, 

STABILIZATION AND CONTROL 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Facility must provide for remote 
modulo deployment, retrieval, docking, access to module whilo dockod, 
and remote monitoring of experiment. Biowasto propulsion experiment 
200 lb, 50 cu ft, 325 w. 

CREW. High level engineering sk Its required for intermediate assessment 
of data quality and necessary modlficotions us experiments progress. 

DATA. Attitude, acceleration, system status, and voice data produced, 
displayed onboard, and transmitted to Eorth for dotoilod analysis. Gos 
somplos analyzed onboard for propellent composition. 

OPERATIONS. Remote modulo operations accommodate drift measure- 
ment experiments on noninterference basis. Station keeping operations 
augmented by biowoste electric propulsion experiment during Its 
operation. 

RESEARCH SEQUENCING. Disturbance torque measurement experi- 
ments sequenced to coincide with routine disturbances, such as docking. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Development and 
ground tost of flight-rated biowasto rosistojot. 

RESEARCH COMMONALITIES. None. 
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RESEARCH CLUSTER 1EE- 

ABSTRACT 

OBJECTIVES. Ev.ilu.ili> hardware concepts ,iml tho man machine 
interface (or advanced navigation and guiduncu systems Qualify 
navigation and guidance equipment for longduration manned 
spaceflight and dotoimine man's potential contribution to its 
effectiveness 


-NAVIGATION AND GUIDANCE 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Vorioty of advanced navigation equip 
moot includes loser ranging devicos. landmark trackers, and (if operational 
hardware cannot bo used) transmitters and recoivors. Capability for 
switching experimental devicos into operational navigation system 
required. 


BACKGROUND. Basic theory is well established and some exper 
imental designs have been built Inflight evaluation of hardware and 
the man-machine interface is needed. 

RESEARCH DESCRIPTION. Investigate onboard laser ranging, 
interplanetary or translunar navigation by spectroscopic binary 
saiollilo, landmark trucker orbital navigation, and conduct navigation/ 
subsystem candidate evaluation. Those activities evaluate uffoc 
tivoness of various types of navigation equipment and combination!’ 
of equipment to acquire, lock on, and track targets, to determine 
vohicle position and velocities, and to integrate various measure 
ments for determination of orbital parameters. Experimental results 
compared with data derived from ground tracking and other 
established techniques. Measurement parameters recorded auto- 
matically for ground ana ysis. 


CREW. Navigation skills roquired. Crow participation heavy at beginning 
of each experiment, but lotor limited to monitoring systom operation, 
periodic adjustments, and data management. 

DATA. Data displayed onboard lor preliminary screening and evaluation 
and transmitted to ground for (totalled analysis. 

OPERATIONS. All experiments sensitive to space-vehicle disturbances ond 
require correlation with space-vehicle inertial attitude. 

RESEARCH SEQUENCING, No special considerations, 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Stoto -oflho-art 
advancements needed in onboard lasor ranging systoms ond landmark 
tracking systoms. 

RESEARCH COMMONALITIES. Strongly correlated with navigation 
experiments in 5-NS-3 ond may use somo of same hordwure. 


OBJECTIVES. Determine man machine relationships and design 
concepts of high data rate, long range optical communications in 
space 

BACKGROUND. Tho higher frequencies of laser beams permit 
more channels on a single carrier and higher rates of modulation for 
the carrier Also, smaller size antennas with larger apei lutes can be 
used. 

RESEARCH DESCRIPTION. Communication link required 
between manned spacecraft and deep space vehicle (DSV). A 
prearranged transmission codo established so that errors in reception 
correlated with events in operational situation. Equipment on 
deep space vehicle consists of CO> lasor transmitter, Pockols coll 
modulator, gimbaled refracting telescope for antenna, power 
supplies, message storage, precise timing synchronizer, and telescope 
pointing contiols Thu manned spacecraft has telescope, pointing 
controls, receiver, message storage and analysis, power supplies, and 
precise tuning synchronizer. Test messages transmitted on command 
from DSV to manned spacecraft evaluated for errors due to 
operational disturbances. 


IMPLEMENTATION 

Optical ond electronic equipment on 
manned spacecraft weigh 600 lb ond occupy 42 cu ft. Average power of 
60 w remains relatively constant during course of experiment. 

CREW. Crew participation limited to loser boom acquisition for lock on, 
then periodic monitoring by one crewman. 

DATA. Three digital dato channels required for communications tost data, 
DSV status, and receiver status. Magnetic tope is primary recording mode. 

OPERATIONS. In initial portion of experiment, interfering spacecraft 
operations may havo to be curtailod to permit accurote alignment of DSV 
and spacecraft. 

RESEARCH SEQUENCING. Since this cluster requiros a doop space 
vehicle and development ol advanced optical communications hardware, 
research cannot Ire initiated until after 1980 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Integrated optical 
communications transmission and receiving system must be developed. 

RESEARCH COMMONALITIES. Initial Earth-orbiting tests under 5-CS-2 


RESEARCH CLUSTER 1EE-5-COMMUNICATIONS 


ABSTRACT 


CONSIDERATIONS FOR 
SPACE FACILITY RESOURCES. 


RESEARCH CLUSTER 10E-1-L0GISTICS AND RESUPPLY 


ABSTRACT 

OBJECTIVES. Evaluate logistics and resupply operational proco- 
duros and mechanical aids, evaluate and develop tools, aids, and 
procedures for handling emergency and rescue operations. 

BACKGROUND. Mercury, Gemini, and Apollo provide valuable 
background information for tins research cluster in rendezvous and 
docking, equipment transfer between vehicles, and spacecraft emer 
goncics. Actual in space experience witti largo cargo transfer has not 
boon obtained. 

RESEARCH DESCRIPTION. Evaluate logistics, resupply, and 
rescue concepts developed in ground simulation. They include 
(II equipment and operational procedures for transferring, handling, 
and storing packaged cargo, fluids, and largo equipment items; 
(2) rendezvous and docking; and (31 emergency and rescue opera- 
tions. Data collected on transfer time, ease of handling, energy 
expenditure, required skill levels, equipment damage or loss, and 
cruw reaction time and mobility. Measurement methods include 
time and motion techniques, motion picture or TV coverage, and 
crew member subjective reports. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. The spacecraft environmental control 
and life support systom must support crewman oxporimentor/obsorvor in 
EVA mode for portions of this research. Electrical power requirements are 
400 w average and peak. 

CREW. Selected crewmen will require special training ns experiment 
observers ond phologrophors. Thorough training ond indoctrination in 
safety procedures and practice of emergency roscuo experiments in ground 
simulation required. 

DATA. Consist of motion picture or TV film, crow ; .,■> and mission data, 
all transmitted to Earth for analysis. No onboard data - \ i 
OPERATIONS. Simulated roscuo operations of EVA crowman should bo 
coordinated to take place in conjunction with normal EVA activities. 
RESEARCH SEQUENCING. Adnptivo. Observations will be taken of 
logistics and resupply operations os thoy occur. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Studios of assembly 
techniques. 

RESEARCH COMMONALITIES. Research results for rendezvous and 
docking corgo transfer should bo correlated with related operations in 
1 OE-4. 



RESEARCH CLUSTER 10E 2-MAINTENANCE, REPAIR, AND RETROFIT 


ABSTRACT 

OBJECTIVES. In space Kv.ilu.it ion of equipment, procedures, and 
manned skills required to porfotm (II both IVA and EVA mamto 
n.iiU'K .mtl rt'p.ur functions. ,uul (2) retrofit or rKconfitiur.it. m in 
which entire spacecraft in.iv undergo completK rofurbishiiHint. 

BACKGROUND. Experience in manned spaceflight and in aircraft 
inflight inaiiitKiiunco programs has dKinonstratud fnasibilitv of space 
maintenance Maintenance and retrofit activities will lie performed 
in Skylah A and follow on flights, ond n progrum of carefully con 
trolled observations and measurements of these activities is necos 
sary to develop, evaluate, and refine maintenance techniques for 
long duration spaceflight, 

RESEARCH DESCRIPTION. Two year research program includes 
observations and measurement of maintenance, repair, and retrofit 
operations, both IVA and EVA, performed as normal part of 
in orbit space vehicle operations. Data on task times and errors, 
difficulties encountered, energy expenditures, and effectiveness of 
maintenance equipment will lie obtained by direct observation, TV 
cameras, and crew verbal reports 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, Spacecraft must support EVA activity 
approximately onco per weok. TV, video rocordors, and tope recorders will 
have multiple usage with oilier research. 

CREW. Engineer and technician skills required. Crewmen survo as 
experimental sublets and as obsoivor/photographers. 

DATA. Broadband video data con bo tolomotorod to ground or returned 
via logistics vohiclo for dotailed analysis. Observations require about foui 
hours of TV and two hours vorbol annotation per month on magnetic topo 

OPERATIONS. To ensure adequate covoragu and crow safety, somo 
critical maintenance activities which may not occur naturally will require 
simulation and spocial scheduling. 

RESEARCH SEQUENCING. No special considerations. Adaptivo to 
maintenance incidents ns they occur. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Nono 

RESEARCH COMMONALITIES. Data obtained here will be usoful in 
1 BR-3, 1 MM-5, and 10E-3, -4 


RESEARCH CLUSTER 1-OE 3-ASSEMBLY AND DEPLOYMENT 


ABSTRACT 

OBJECTIVES. Evaluate and develop man’s ability m EVA assent 
bly iinri oreclton of latgtt space* structures 

BACKGROUND. Apollo lunar EVA and other /oro o simulations 
(such welter immersion tests) have demonstrated feasibility of 
man performing useful work in spare Additional information will 
be obtained from Skylah A use of restiamts and tools. 

RESEARCH DESCRIPTION. First phase involves obseivation ol 
assembly and deployment of unfmlable antennas and expandable 
structures such as crew tunnels, EVA maintenance enclosures, and 
airlocks In second phase, observations will lie made of operating 
parameters in deployed mode. The measurement program will 
evaluate deployment and performance characteristics of structures 
and physiological capabilities of mail to perform necossaiy opera 
lions Photographic and TV coverage and crew verbal repot ts will be 
means of measuring man's performance. Measurement parameters 
include time required, man's endurance level (heart boat and oxygen 
consumption), deflections of structure caused by temperature 
gradients, and dynamic stability charactoiistics. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Space required to stow, unstow, and 
deploy various structures of interest An unfurloblo antenna may weigh 
500 It) and occupy 1,?50cu (l stowed, while other devices may have loss 
impact. Measurement equipment is provided by other research clusters 

CREW. Crew will require extensive tiainuig and ground practice 

DATA. Four 100 Hz analog channels for biomedical data; ono 3 MHz 
analog video channel, and one 2 kHz analog voice channel, indexed for 
time and crew member identity, and all transmitted to ground foi analysis 

OPERATIONS. Vehicle operations may ho curia. led during EVA. 

RESEARCH SEQUENCING. Assembly and deployment phase should tie 
sequenced early to provide maximum period for observation o( deployed 
operating parameters. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Carefully conducted 
and controlled ground experiments tequired to define baseline for space 
comparison and refine assembly techniques ond monitoring requirements. 

RESEARCH COMMONALITIES. Closely related to 1 EE ? and to 5-TF -1 , 


RESEARCH CLUSTER 1-OE-4-MODULE OPERATIONS 


ABSTRACT 

OBJECTIVES. Evaluate operational pioceduies, equipment, and 
man machine inlet faces involved in in orbit opriot ion of experiment 
modules flown in coniunction with manned orbital spacecraft. 

BACKGROUND. Unmanned satellite programs and special module 
studies indicate feasibility and desirability of operating fiee flying or 
attached experiment modules from orbital manned space facility. 
Problems which require in space resolution include rendezvous and 
docking, module to space facility communication, deployment, and 
retrieval, and maintenance. 

RESEARCH DESCRIPTION. Activities concerned with modulo 
station keeping, monitoring and communicating with modules, 
controlling modulo equipment, deployment and retrieval, and 
module maintenance and reconfiguration. Data on ciew (ask tunes 
and errors, energy expenditures, quality of data, and response of 
module systems will bo collected during initial six months' 
operation of each free flying module. Most data can be obtained 
automatically from operational instrumentation and this will bn 
augmented with TV camera coverage ond crew verbal reports. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Monitoi and control console require 
timers and other instrumentation for readouts to data management system. 
Electiical power requirements 50 w overage. 310 w peak. Viowmg ports 
required. 

CREW. Heavy involvement during deployment, retrieval, rendezvous ond 
docking, ond while docked; minimal otherwise. EVA required. 

DATA. Data management systom must provide computer programs to 
control acquisition ond collation of data, data storngo, and periodic 
telemetering of data to ground stations. Two hours TV observation time 
and 15 minutes verbal comments per month. 

OPERATIONS. Observations coordinated witli normal mission module 
operations, During rendezvous ond docking ond while module dockod, 
spacecraft stability must be maintained. 

RESEARCH SEQUENCING. No special considerations. Adoptive to 
routine occurrences. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Studios o( assembly 

techniques, 

RESEARCH COMMONALITIES. Closely related to 1 OE-2 
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RESEARCH CLUSTER 1-OE-B- 
ABSTRACT 

?. B „lf £ : T,VES ' Evall ; a ' 0 c ‘U*ipmoni, procedures, and crow skills in 
n orbit provision of following support aorvicos: medical food 
management, data managomont, power manngomont, vohiclo con- 
trol, and communications. 

BACKGROUND. Few guidolmos or design criteria available to 

»o 8 con.rl?r n0r “ 'T °, 8 " ma " n0 •’‘lulpntent, and procedures 

for contrallv supplied support cervices in space vohicle Evaluation 

'° SUP ” 0r ' ° P0rm,On3 "> *o derive new or 

updated design criteria and guidolmos where nocessary 

vTonf R n? DESCR,PT ' ON For oac " su PP° r t area, make obser 
vations and measuioments for initial period of six months, using 

crow logs, responses to questionnaires, timelines of crew time 
oxpondituros, and TV film records of selected operations. Param- 
otors measured include time required to provide service, frequency 
w th which service is required, time delays, availability of equipment 
w ton nooded, and adequacy of equipment and procedures. Research 
develop ° V ° r ,hr °°' VWar pBr,od - "’corporat.ng now criteria ns they 


vemuLc SUPPORT OPERATIONS 

CONSIDERATIONS FOR IMPLEMENTATION 

FAC,L,TV RESOURCES, Electrical power for timing and 
recording measurement equipment: BO w ovoroge, 300 w peak ° 

s z,:tz,izz. ssz sirs sjh: 

OPERATIONS. Routino operations to bo observed oro normal onboard 

r^sar o,opod ° nd ,horouBh,v •« 

RESEARCH SEQUENCING. When major changes oro mode in onv 
E* ° P0r0,,On ' ° n0,hor P°"0d of observations will bo 
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SPACE BIOLOGY 


RESEARCH CLUSTER 2-VB-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING VERTEBRATES 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Increase understanding of biological processes by 
observing changes in fertilization, fetal development, growth, 
physiological function, and life span in vertebrates exposed to space 
environment. 

BACKGROUND. Early information derived from suborbital and 
short orbital flights Valuable data derived from primate experiment 
on Biosatellite 1 1 1 . Vertebiate module design being pursued at 
various laboratories. 

RESEARCH DESCRIPTION. Rats, mice, instrumented primates in 
experimental modules with automated life support, wasto manage- 
ment, and data collection. Primates instrumented bufore flight with 
implanted sensors; signals amplified and transmitted to onboard 
receivers, displayed and recorded on magnetic tapu. Crow monitors 
animals, counts population and pregnancies, separates specimens for 
special analysis. Rats weighed for growth; embryos weighed and 
preserved for later analysis; some animals returned to Earth. 
Biocontrifugo maintains 1-g in control groups. 


SPACE FACILITY RESOURCES. Experiment modules solf-containod, 
depend on facility for data management and power. Modules 400 to 
&X) lb, 30 to 1 10 cu ft, BO to 80 w. Onboard receiving and display equip- 
ment additionally required. Biocontrifuge, if onboard, IB- to 20-ft diam- 
eter, 3, BOO lb, continuous average 4B0 w; may also be located in soparatc 
flight module. Centrifuge not essential for early experiments. 

CREW. Task time and skill level minimal Most data collection 
automated. 

DATA. Notes, tapes, film, living and preserved specimens returned to 
Earth. 

OPERATIONS. Acceleration level below 1<Hg 00% of time. Mission 
duration at least 180 days for most experiments. 

RESEARCH SEQUENCING. Initial identification of changes; subsoquont 
Investigation of mochanisms of changes. Contrifugo control may bo 
introduced in later experiments. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero g animal cages 
animal biocentrifuge, *180°C tissuo froozor, surgical procedures. 

RESEARCH COMMONALITIES. Contributes to understanding of changes 
obsorved In 1-BM-4, -5, -7, and -14, and 1-MM-4, 


RESEARCH CLUSTER 2-VB-2-INTERMEDIATE 

ABSTRACT 

OBJECTIVES. Improvo definition of role of gravity in vertebrate 
behavior, physiology, reproduction, responso to stimuli, and host- 
parasite relationships by measuring changes in these functions in 
space. 

BACKGROUND. Biosatellite III results indicato that primate 
body-fluid balance is profoundly upset by weightless environment. 
Primate and small-animal experiments and modules being designed 
at various NASA and university facilities. 

RESEARCH DESCRIPTION. Typical experiments include 
measurement of nerve action potentials, strength of muscle contrac 
tion, whole animal calorimetry, bone strength, antibody titer, 
spermatogenesis, psychomotor activities, and transport processes. 
Some experiments involve automated modules; most performed on 
subjects removed from cages in animal facility. Experimental 
techniques require animal manipulation and surgery, histological 
preparations, and laboratory analyses, including scintillation 
counting, mass spectrometry, spectrophotomutry, gas chromatog- 
raphy, and amino-acid analysis. Biological specialists at loast at 
technician skill level. 


BIOLOGY INVESTIGATIONS USING VERTEBRATES 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Onboard laboratories for animal 
surgery and testing, tissuo preparation, and biochemical analysis, Animal 
holding facility for primates, rats, mice, cats, and dogs. Environmental 
control must isolate animals' atmosphere from crew's. Management of 


CREW. Skilled technician, full time. Cross-trained crewmen, port timo. 

DATA. Notes, tapes, film, stripchart recording, and living and preserved 
specimens returned to Earth. Some taped data telemetered to ground. 


OPERATIONS. Acceleration level of 10'^g maintained 95% of 
interaction with animal facilities rigorously controlled. 
180 days required for some experiments. 


timo. Crow 
Continuous 


RESEARCH SEQUENCING. Preliminary observations precede and govern 
intermediate research. Dotailod examination of mechanisms will follow. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g animal cages 
surgical procedures, tissuo processor, -180°C tissue freezer, liquid handling' 
equipment analysis and integration. u ' 


RESEARCH COMMONALITIES. Contributes information to 1-BM-4 -5 
-7, and -14, and 1-MM-4. 


RESEARCH CLUSTER 2-VB-3-ADVANCED BIOLOGY INVESTIGATIONS USING VERTEBRATES 


ABSTRACT 

OBJECTIVES. Improve under standing of role ol gravity and 
Earth-lunar periodicities in basic biological processus such a 3 enzyme 
activity, energy production and translor, membrane phenomena, 
and transport mechanisms by investigating mechanisms associated 
with earlier observed changes in vertebrates in space. 

BACKGROUND. Changes in wido variety of biological forms 
noted in Biosatellite experiments and In terrestrial simulations of 
weightlessness. No study of mechanisms performed during study of 
change 

RESEARCH DESCRIPTION. No detailed experiments can bo 
specified until changes ore determined in oarlior phases. Invostiga 
tions will include studies at subcollular level. Radioactive and hoavy 
or light isotopes will bo used as tracer atoms. Tagged substrates will 
bo reacted with isolated enzyme systems and enzyme activity 
determined by isotope disappearance from substrute or appearanco 
m reaction products. Pull range of sophisticated laboratory tech- 
niques will bo utilized requiring advanced instrumentation and 
hip .1 y skilled investigators. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Facilities for 2-VB 1 and • 2 utilized, in 
addition, facilities to provldo capability for preparation of tissuo grafts, 
partition chromatography, oloctrodiolysis, electrophoresis and scintillation 
counting (liquid and woll). Most resources shared by all areas of space 
biology rosoarch. 

CREW, Research toam: one or moro principal invest igotors, two 
oxporionced technologists. - ill time 

DATA. Notes, tape, stripchort records, film, ond some biological samplos 
roturnod to Earth. Minlmol data telemetering, 

OPERATIONS. Acceleration levels of 10‘ 4 g a continued requirement 
Rigorous control of animal facility and laboratory environment. Most 
experiment durations at loast 180 days. 

RESEARCH SEQUENCING. Experiments govorned by previous finding. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zoro-g homogcntzor, 
dialysis equipment, fluid electrolyte onalyzor, small -particle mass measure- 
mont, jnd equipment analysis ond integration. 

RESEARCH COMMONALITIES. Information to 1-BM-5, -10, and 14. 


RESEARCH CLUSTER 2-IN-1 -PRELIMINARY BIOLOGY INVESTIGATIONS USING INVERTEBRATES 


ABSTRACT 

OBJECTIVES. Increase understanding of aging, orientation, 
coordination, tidal and diurnal rhythms, genotics, and metabolism 
by observing changes in these processus in invertebrates exposed to 
space environment 

BACKGROUND. Influence of space environment on invortobrates 
established in Biosateiine ii experiments. No weightlessness simu 
lating device effective for invertebrate ground based experiments. 
RESEARCH DESCRIPTION. Drosophila behavior, lifecycle 
phenomena, and circadian rhythm; housefly aging; fiddler crab color 
change related to tidal rhythms; beetle ombryogenosis and develop 
mont, and spider web building activities. Most experiments in 
self-contained experimental modules with photographic and 
metabolic measurement capabilities. Crew tasks minimal: visual 
check of experiment progress, counting, sorting, and preservation of 
specimens, observation of abnormalities, ond preparation of living 
specimens for Earth return. Onboard biocentrifuge desired for 1-g 
control subjects. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Experimental modules, approximately 
401b, 2 cu ft, and 10 to 50 w each, provide pressure (Earth ambient), 
temperature (25°C), rolotive humidity (75%), 12 hour light dark cycles, 
ond photographic coverage Biocontrifuge, 20-ft diameter, 3,500 lb, con 
tinuous average 450 watts; not essential for earlier experiments 

CREW. Most data collection automated. Additional tasks by cross trained 
crewmen. 


DATA. Notes, topes, film, specimens returned to Earth. 

OPERATIONS. Acceleration level below 10 "^g 96“n of time Required 
mission duration minimum of 90 days. Experiment progross independent 
of crow cycles. 

RESEARCH SEQUENCING. Preliminary experiments, subsequent 
research to investigate nature of obsorved chonges. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Development of bio 
centrifuge, and development of advanced -180°C tissuo freozor. 


RESEARCH COMMONALITIES. Contributes to understanding of changes 
observed in 1-BM-5 ond 1-MM-4. 


RESEARCH CLUSTER 2-IN-2-INTERMEDIATE BIOLOGY INVESTIGATIONS USING INVERTEBRATES 


ABSTRACT 

OBJECTIVES. Increase understanding of biological processes by 
more complete examination of changes observed during experiments 
in preliminary phase. 

BACKGROUND. Influence of space environment on invertebrates 
established in Biosatellite II experiments. Effects of weightlessness 
alone and zero g enhancement of radiation effects were observed. 
No terrestrial weightlessness-simulating devices effective on inverto 
bratos, 

RESEARCH DESCRIPTION. Onboard comparisons between 
invertebrates in zero g and artificial-g (biocentrifuge) controls. 
Dissection, tissue preparation, and microscopic examination of 
tissue samplos. Initial experiments of metabolic pathways using 
radioactive tags on whole specimens or simple homogenates. Some 
experiments involve automated experimental modules, but most will 
involve invertebrate colonies in animal holding facilities. Increased 
facilities include tissue processing and biochemical analytical labora- 
tories. Full time biological research special' ,t required. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Holding facility for colonies of inverto 
bratos. Onboard biocentrifuge, l-g at maximum radius of 10 to 12 ft, 
continuous 450 w. Tissuo preparation laboratory; automatic tissue proces 
sor, vacuum infiltration oven, microtome, ond compound microscope with 
built-in camera. Spectrophotometer, moss spectrometer, gas chromato 
graph, tissuo homogenizer, and radiation detection equipment also 
required. 

CREW. Skilled technician, full time. Part-time assistance of crewmen 
DATA. Notes, tapes, film, ond specimens returned to Earth Minimal 
tolomoterinq of stored data at infrequent intervals. 

OPERATIONS. Acceleration levels of lO^g required 95% of time 
Environmental control of invertebrate holding facility separate from 
crew's. 

RESEARCH SEQUENCING. Preliminary observations precede and govern 
intermediate resoarch. Detailed investigation of mechanisms follow. 
SUPPORTING TECHNOLOGY DEVELOPMENTS. Animal biocontrifuge, 
tissue processor, zero-g homogenizer, and equipment analysis and 
integration. 

RESEARCH COMMONALITIES, Contributes to understanding of changes 
observed in 1-BM-5and 1-MM-4 
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RESEARCH CLUSTER 2-IN-3-ADVANCED BIOLOGY INVESTIGATIONS USING INVERTEBRATES 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Improvo understanding of role of gravity and 
Earth-lunar periodicitioa in basic biological procossos such as enzyme 
activity, onorgy production and translor, mombrano phenr-mona, 
and transport mechanisms by investigating mechanisms associated 
wi' 1 ' earlier observed changes in invortebratos in space. 
BACKGROUND. Chongos in wide variety ol biological forms 
noted in Biosatolllto experiments and in terrestrial simulations of 
weightlessness. No study of machanism3 performed during study of 
change. 

RESEARCH DESCRIPTION. No detailed uxporimonts can bo 
specified until changos aro determined in oarlior phases. Investi- 
gations will include studios at subcollular lovel. Radioactive and 
heavy or light isotopes will be used as tracer atoms. Tagged 
substratos will bo roactcd with isolated onzymo systems und onzymo 
activity determined by Isotopo dlsappoaranco from substrato or 
appoaranco in roaction products. Full range of sophisticated 
laboratory techniques will bo utilized requiring advanced instru- 
mentation and highly skilled investigators. 


SPACE FACILITY RESOURCES. Facilities for 2-IN-1 and -2 utilized; in 
addition, facilities to provide capability for preparation of tissuos, partition 
chromatography, electrodialysis, electrophoresis and scintillation counting 
(liquid and well). Most resources are shared by all areas of space biology 
research. 

CREW. Research team: ono or more principal investigotors, two expe- 
rienced technologists, full time. 

DATA. Notes, tape, strlpchart records, film, and some biological somplos 
returned to Earth. Minimal data telemetering. 

OPERATIONS. Acceleration levels of 10'^g a continued requirement. 
Rigorous control of animal facility and laboratory environment. Most 
experiment durations at least 180 days. 

RESEARCH SEQUENCING. Experiments governed by provious findings. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g homogonizor, 
dialysis equipment, fluid oloctrolyto analyzer, small-particle mass measure- 
ment, and equipment analysis and integration. 

RESEARCH COMMONALITIES. Information to 1-BM-6, -10, and -14. 


RESEARCH CLUSTER 2P/T-1-PRELIMINARY BIOLOGY INVESTIGATIONS USING UNICELLULAR SPECIMENS 


ABSTRACT 

OBJECTIVES. Observe abnormalities in microorganisms and tissue 
cultures caused by weightlessness. 

BACKGROUND. Biosatellito II used protists and tissuos including 
bread mold, frog eggs, amoebae, and bacteria. Skylab A will Includo 
experiment S-015 on the effect of zorog on human cells. 

RESEARCH DESCRIPTION. Preliminary investigations include 
microscopic e> aminotion of fertilized frog eggs to determine cellular 
growth structure and organization; visual measurements end photog- 
raphy of colony size, colonial morphology and conidiol density in 
broad mold; determination of growth rates and frequency of 
mutation, transformation, and conjugation in bacterial cultures by 
optical density measurements, selective media and culture prepara- 
tion and plating, and DNA extraction. Crewmen used for tosks not 
requiring excessive amounts of onboard time ur preparatory 
training, such as media preparation, culture transfer, organism 
identification, photography and visual observations. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Experiments contained in automated 
modules. Additional items such as storilizor, incubator, mlcroscopo, optical 
densitometer and modia preparation oquipmont requirod. Spocial atmos- 
phere requliements will bo Buppliod ond maintained by individual modules. 

CREW. No special skills required. Tasks con bo tought in short timo. 
Individual experiments require overage of 1 to 1.6 crow hours per day. 


OPERATIONS. Individual experiments during any continuous 30-day 
period; colonies and cultures maintenance from start of mission. Tempera- 
ture of incubator carefully monitorod. Acceleration level below 1CPg90% 
of time. 

RESEARCH SEQUENCING. Initial Identification of changes; subsequent 
investigation of mechanisms of changos. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Zero-g autoclave ond 
incubator. 

RESEARCH COMMONALITIES. Contributes Information to 1-8M-6ond 
1-LS-7. 


DATA. Notes, film, and specimens roturnod to Earth. 


RESEARCH CLUSTER 2-P/T-2-INTERMEDIATE BIOLOGY INVESTIGATIONS USING UNICELLULAR SPECIMENS 


ABSTRACT 

OBJECTIVES. Improve definition of spaceflight factors in micro- 
biological host -parasite relationships and in basic cellular processes 
by more complete examination of changes observed in preliminary 
research on protists and tissue cultures in space. 

BACKGROUND. Broad mold, frog egg, amoeba, ond bacteria 
experiments on Biosatellite II . Human cell experiment on Skylab A. 

RESEARCH DESCRIPTION. Studies on aorosol stability, effects 
of particlo size on stability, dissemination rate, degree of penetra- 
tion into respiratory tract, microbial viability in aerosols, and degree 
of infection from aerosol-borne bacteria. Air-particle sampling under 
various conditions, viable plate count by the Andersen method, and 
animal exposure, sacrifice, and examination for infections and 
particles in respiratory tract. Colony counting and identification of 
cultures from crew samples to determine alterations in normal flora, 
investigations of immune reactions of crew and vaccinated animals. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Sterilizer, media and plate preparation 
oquipmont, incubator, colony counter, microscope, ond optical 
densitometer in common with 2-P/T-1. Aorosohzor and particle sampler; 
animal colonies; small-animal surgery, autopsy, and tissue preparation 
facilities; ond blood chemistry laboratory in common with other areas of 
space biology research. 

CREW. Microbiological technicians, full time. Scientist-astronaut qualified 
In study of infectious diseases, part timo. 

DATA. Notes, tope, spotimons, and samples returned to Earth. Minimal 
dota telemetry, 

OPERATIONS. Acceleration level of lO^g desirable 90% of time. Most 
experiments require 30 days, should be repeated over 1 year. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Autoclave, incubator, 
tissue processor, bunsen burner substitute, automated microbial identifica- 
tion, and equipment analysis and integrotion. 

RESEARCH COMMONALITIES. Information to 1-BM-5 and 1-LS-7, 


RESEAR^H^GL UN, cellular specimens" 


ABSTRACT 

( °^ E ? TIVES - , ' n,,,ovt ' understanding of rolf of gravity and 
Earth lunar periodicities m basic biological processes such as enzyme 
■ vtv. energy production and transfer. membrane phnnomcliT 
. d transport mechanisms by investigating the mechanisms ir-n 
uated with earner observed changes ,n promts 

BACKGROUND. Changes in wide variety of biolomeil l,,,,,,, 
noted in Biosatellito experiments and in terrestrial simulations of 
change . 68SnMS ' N ° #U “' V mi,chl,n ' 8nw fH'rformotl during study of 

RESEARCH DESCRIPTION. No detailed experiments can bo 
specified until changes are determmoo in earlier phases Invcii 
gallons will include studies at subcellular level Radioactive ind 
heavy or light isotopes will be used as tracer monlf Tagged 
substrates will be reacted with isolated enzyme systems and enzyme 
activity determined by isotope tfisappearanc.. fro, J L e " 
a pearance in reaction products Tull range of 5 oph, S ,,c!,t“d 
laboratory techniques will be utilized requiring advanced mstru 
mentation and highly skilled investigators. 


CONSIDERATIONS FOR IMPLEMENTATION 

' srar-ssss 

S , “ZZm‘L ,Z “ ™” "VO ...» 

=1'::: - — ■— 

OPERATIONS. Acceleration levels of KHn a rniiim.„.,i 

Ss-ss: 

SE0UENC ' N0 - '—»»»« 

SUPPORTING TECHNOLOGY DEVELOPMENTS , 

^ -== 

" ESEA " CH COMMONALITIES. I„l„„„„, 0 „ , OM O 


RESEARCH CLUSTER 2-PL I -preliminary biology investigations using plants 


ABSTRACT 

OBJECTIVES. Increase understanding of biological phenomena by 
investigation of physiological, gross moiphological, and histo 
chemical changes in plants due to the absence of gravity and cyclical 

BACKGROUND. Morphological and physiological changes 
B c^HPlhur, , W n‘nV . S % t,l,n r ‘ md VOunB llM,V tu 'f>pei Plants m the 
luhbon on cutlm" M dur '" B w ' Bh ‘"«"«» 

RESEARCH DESCRIPTION. Plant colonies, including Mopm 
cucumber, anil potato, observed periodically and preserved for 
subsequent ground based analysis T ropislic , espouses and rhythmic 
movements photographed, respiration monitored tty automated 
equipment More sophisticated metabolic, genetic and develop 
menial studies performed on ground on returned freeze preserved 
tissues Crow activities restricted to maintaining colonies, harvesting 
return 3 ‘ pr ‘* surv ‘ ,,,on - '»’‘ J preparation of plants and tissues for' 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. Colonies in experimental modulus 

MPhv msm? U "" V ° nlV ,0 ' :,J ' a "“"WWM and power Photog 
aphy, respiration monitoring, and control ol modulo environment are 
u trmsii to modules Modules typically 80 lb. 2 to 9 cu ft, average of 20 to 
w. Biocentrdugo t g control specimens desirable but not essential 
CREW. Minimal time of cross trained crewman required 
DATA. Notes, tape, film, and preserved and intact specimens returned to 

OPERATIONS, Acceleration levels below 10 4 g essential 95“„ of 
Maintenance of plant colonies, visual checks of module iu! 
harvesting, replanting of seeds, preservation, preparation of plants and 
tissues (or return, Minion duration a. leas, 90 days * 

RESEARCH SEQUENCING. Initial observation of changes, subsequent 
examination of altered parameters and study of mechanisms 

«™"i.r.,.™ HNoLoG ’' de ' /eeotme “ ts * 


RESEARCH COMMONALITIES. None 


RESEARCH ab S tract R 2 PL ^-intermediate biology investigations using pla^T 


ABSTRACT 

OBJECT'VES. Increase understanding of luological phenomena bv 
more complete investigation of physiological and structural changes 
‘ ‘ ,nl! ’ ol,s, ' rvl ‘ d in Rfehminary phase ol plant msearch in space 
BACKGROUND. Moiphologic.il and physiological clnnnes 
Bo^e,‘ ,: n |,t , ''"i “ Pdl " ,BS ’ ,nd V ° lmB U ''"V P |! PPer plants',,, 

Kn SiL,r reSPHnS, ’ S n0 '“ d dU,,nB W0 ' Uh "* ( “ 

RESEARCH DESCRIPTION. Investigations of respiration and 
photosynthetic activity, metabolic pathways, histochemical abnor 

'"‘I \T' T '"’,' d ‘ ,nd pro,em cu,abol ' s "' selected to define more 
clearly nature of earlier observed changes Plant tissue preparation 
and microscopic examination, chemical analyses of homogenized 
tissue by chromatography, spectrophotometry, mass spectrometry 
ammo acic analyses, and radioisotopic techniques. Increased panic’ 
ipation of cross , rained crew members Full „me 
biological research technician inquired 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. Some automated modules ohm 

scope^Rjr'^ss ond'rmc^o 

£=E=”—' 

^ss^’sssxstts^ 

SUPPORTING TECHNOLOGY DEVELOPMENTS a , i > 

szsr-- T 4„rr sra 

.RESEARCH COMMONALITIES. None 
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RESEARCH CLUSTER 2-PL'3~ADVANCED 

ABSTRACT 

§&3^3£3 kS 

»wjarrss: 

V . urs^-rrr: rrrrxs 
■Tzzzrs^ztzr 


BIOLOGY INVESTIGATIONS USING PLANTS 

CONSIDERATIONS FOR IMPLEMENTATION 

OlZd wdT^^^ •Iwirophoffili and scintillation counting 

rweareh r,,oureM lh * rei1 “V •" ««« of .pace biology 

52 .^hno a S,u M fuil time. 0 ' Pr,nt pa ' lnv,,,lfla,0r> ' e *^ 

^S!tR^ and ,ome h 10 ' 001 -’ 

OPERATIONS. Acceleration (even of 1<Hg a continued reouiremem 

•sszxsi oinir, , 8oS, ,nd ,abora,o,v #nv,ronmem - 

RESEARCH SEQUENCING. Experiment, governed by previous findings. 
SUPPORTING TECHNOLOGY DEVELOPMENTS h 

RESEARCH COMMONALITIES. Informotlon to t-BM-B. -10. and -tn 


t. 
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SPACli ASTRONOMY 


RESEARCH CLUSTER 3-OW-OPTICAL STRUCTURE AND SPECTRA OF FAINT OR SMALL SOURCES 


ABSTRACT 

OBJECTIVES. Improve discrimination oniony cosmological 
models, determine properties of galaxy nuclei and quasars, stellar 
populations and omission mechanisms in gdlaxies Elucidato struc- 
ture of globules and small dark nebulae, comot nuclei, the outer 
planets, and large planetary satellites. 

BACKGROUND. Ground based observations fail to discriminate 
between major classes of cosmological models. Optical structure of 
quasars and most galaxy nuclei are poorly resolved and UV data are 
lac'.ing Study of structure of globules, fine structure of comot 
nuclei, and outer planet and large satellite structure and surfaces 
also generally limited by resolution. 

RESEARCH DESCRIPTION. High angular resolution visible, UV, 
near infrared imagery and photometry of galaxies, quasars, globules, 
comet nuclei, outer planets, large satellites High resolution UV 
spectroscopy of quasars, visible and near-infrared spectroscopy of 
faint galaxies. Uses 3-m diffraction-limited telescope with precision 
guidance 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, Free flying module for toloscopo 
Optimum orbit geosynchronous, 

CREW. Mechanical, electronic, and optical technicians. EVA assembly and 
periodic servicing. 

DATA. Electronic and photographic (film and probably plotos) 

OPERATIONS. Man aided assombly and deployment in free orbit. 
Activation and target acquisitions on remote command from ground 
Data taking automatic. Periodic supply (film) and servicing by men 

RESEARCH SEQUENCING. No special considerations 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High resolution 
optics, precision target acquisition, film handling and protection in space, 
ground-to high orbit transportation, image tubes. 

RESEARCH COMMONALITIES. Related rosearch (extension of occurato 
galaxy distoncoB, search for now satellites of outer planets) in 3-OS 3 OB, 
ond 3-OP use Bamo toloscopo 


RESEARCH CLUSTER 3 08-HIGH RES0LUTI0N PLANETARY OPTICAL IMAGERY 
ABSTRACT 


OBJECTIVES. Elucidate long period dynamic phenomena of Mars 
surface and atmosphere Map Mercury to 30 to 100 km resolution 
for improved topographic study, seek evidence of utmosphuro on 
Mercury. 

BACKGROUND. Planet flyby observations achiove extremely high 
disk resolution but are limited in time The one planned Mercury 
flyby will map only modest fraction of planet Ground based 
observation unlimited in time, bu. limited to pour angular resolu 
lion Balloon observations gam little for Mercury and too limited for 
Mars study Research cluster permits longer lime coverage than 
planet flybys and better angular resolution than ground-based 
telescopes 

RESEARCH DESCRIPTION. High-resolution multicolor imagery 
(UV to near-infrared) of Mars and Mercury over periods of years 
Follow-on spectroscopy and precision photometry. Extension to 
Jupiter and Saturn. Uses 1- and 3 rn diffraction-limited telescopes, 
precision guidance 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Free flying modules for telescopes 
Possible 1-m telescope controls in spaco station. 3-m toloscopo, optimum 
orbit geosynchronous. 

CREW. Mochamcal, electronic, and optical technicians. EVA assembly and 
periodic servicing. 

DATA. E loctromc ond photograpluc (film), 

OPERATIONS. Man-aided assembly and/or deployment of telescopes in 
froo orbits, Torgot acquisitions by romoto control, possibly (1m toloscopo) 
involving operator In spaco station. Dato-tokmg automatic. Periodic 
resupply (film) ond servicing by men. 

RESEARCH SEQUENCING, (a) 1-m Mercury mopping, (b) 1-m Mors 
observations; (c) 3-m Mercury mopping, (dl 3-m Mars observations Some 
ovorlaps duo to sun anglo, planet distances from Earth, 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High resolution 
optics, precision targot acquisition, film handling, protection in space, 
image tubes 

RESEARCH COMMONALITIES. 3-OS and 3 0P use 1-m telescope, 3 OW 
uses 3-m telescope. 
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RESEARCH CLUSTER 3-08“-PAINT-THnf]SH0LD, HIGH-RESOLUTION OPTICAL SURVEYS 


ABSTRACT 

OBJECTIVES. Improvo determination ol globular cluster popula 
nono, ogen, compositions, extend accurate galaxy distance deter- 
minations to tons of mogaparcccs; identify and dotornnno propertioo 
of optical counterparts of x-roy sources and pulsars; improvo census 
of small solar system bodies 

BACKGROUND. Globular cluster properties based mostly on Qiant 
star monitors; data on main sequence members needed Galaxy 
distances occurato only to distances up to <1 to 10 meoaparcocs, 
which is eosmoloolcally insignificant Data for moro optical counter 
parts of x-ray soureos and pulsars essential to elucidate naturo of 
latter. Small solor system bodies ore of system evolution interest 

RESEARCH DESCRIPTION. Imagery and photometry ol main 
sequence stars in globular clustoro, luminous ob|octs in galaxies 
(Cophoids, Hl * regions, etc, I, fields of x ray courcos, pulsars, planets, 
and -elected others Visual threshold 24 to 20 mag,, comparable UV 
limits Angular resolution 0 1 to 0.2 arc-sec. Follow-on spectro- 
scopy, especially in UV. Usos 1 and 3-m toloscopos with precision 
guidanco 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Freof lying modulos for telescopes, 
pointing controls, TV monitor, and supplies (e.g., film) possibly in space 
station. 

CREW. Mechanical, electronic, and optical technicians, fi VA assembly and 
periodic servicing. 

DATA. Electronic and photographic (probably film only). 

OPERATIONS. Man-aided assembly and/or deployment of toloscopos in 
free orbits. Target acquisition by remote control, possibly involving 
operator in spoco station. Oata-taking automatic, Periodic resupply (film! 
and servicing by men, 

RESEARCH SEQUENCING. No special considerations, 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High-rosolut.on 
optics, precision target acquisition, film handling ond protection in space 
imago tubos. 

RESEARCH COMMONALITIES. Common research programs with 3-KR, 
3 00, ond 3-OP uso samo telescopes. 


RESEARCH CLUSTER 3-OP-HI6H-PRECISION STELLAR PHOTOMETRY 


ABSTRACT 

OBJECTIVES. Seek flare or spot activity in stars (especially color 
typos), evidence of planetary companions (dwarf otarsl Obtain 
improved binary orbit inclinalions, member and oyotom properties 
Bettor understand variable star mechanisms ond evolution of massive 
stars in briof otogoo 

BACKGROUND. Dwarf flare otars exist, but flaro, spot, otc, 
activity in solar typo otaro is unproven Such activity may bo a koy 
ogo indicator, Extremoly shallow oclipcos in binary stars, or eclipses 
by planetary companions, are unobservable from ground, duo to 
limited photometric precision Small amplitude stellar variability 
etudy is in Infancy, no ia study of cocular variability 

RESEARCH DESCRIPTION, Extreme precision vioiblo and UV 
photoolcctrlc photometry of typo G, K, M dwarf otaro, selected O 
otaro, oupor giants, Cephoido, and other variables. Aim for (O '* to 
10 -mag, precision. Seek irrogular (floreo), near-periodic (spots), 
and poriodic (oclipoeol fluctuations. Compare lOyoar data for 
secular changes. Usos 1m or larger diffraction limited telescope with 
precision guidance ond low-noise photometer 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Free flying modulos for telescopes 
Possiblo d m toloscopol pointing control In spaco station. 

CREW. Mechanical, oloctromc, and optical technicians. EVA assembly and 
poriodic servicing. 

DATA. Electronic, tronsmlttablo to ground 

OPERATIONS. Moivoidcd ossombly and/or doploymont of the toloscopos 
in free orbits. Target acquisition by remoto control, possibly involving 
operator In spaco station, Oata-taking automatic. Servicing by men, 

RESEARCH SEQUENCING. Uncertain until optimum soorch patterns 
dovised. Patrol-typo observations would bo impracticolly lengthy. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High resolution 
optics; precision targot acquisition; low-noloo photomo'ers (critical); signal 
filtering; optimum soorch techniques. 

RESEARCH COMMONALITIES. 3-OS and 3-08 U60 the 1-m toloscopo. 


RESEARCH CLUSTER 3-SO-SOLAR PHOTOSPHERE AND CHROMOSPHERE OPTICAL STUDIES 


ABSTRACT 

OBJECTIVES. Improved determination of gross physical properties 
of quiet photosphero and chromosphere, eg, temperature, pressure, 
composition distributions. Elucidato properties of dotails such as 
gronulation, spots, prominences, otc.; mognotic holds, temporal rela- 
tions of activo phenomena. 

BACKGROUND. Visible and UV wavelength observations mdicato 
increasing complexity of photocphorc and chromosphere structures 
with bettor spatial and spoctral resolution. Study of temporal devel- 
opment of activo phenomena contributes increasingly to under 
standing solor atmosphere energetics. Needed oro substantial angular 
resolution improvomont in UV, bettor combined angular and spec- 
tral resolution In visible, togothor with long-period monitoring. 

RESEARCH DESCRIPTION. Broadband, time lapse imaoory of 
solor disk with 0.1- to O.S-orc-soc resolution, Monochromatic 
imagery Ispoctroholiography) with a 0.6- to 1.0-arc-soc resolution. 
Spectroscopy with <S0.01 A and 1- to 3-orc-soc resolution. Wave- 
lengths 1,000 A to Ip, Usos 60-in. f/76 teloscopo with precision 
guidance and numerous specialired secondary instruments. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Free-flying modulo for teloscopo. 
Sun-synchronous orbit necessary. 

CREW. Mochamcal, electronic, optical technicians. EVA assombly and 
poriodic servicing. 

DATA. Electronic and photographic (film only). 

OPERATIONS. Manaided ossombly and/or doploymont in free orbit, 
Targot acquisitions by remoto control, probably from ground. Data-taking 
automatic. Periodic resupply (film) and servicing by mon. 

RESEARCH SEQUENCING. Some observations coordinated with 
ground-bosod, sotollito or other observations; o.g., in monitoring octivo 
ovnnts in several wavolongth ranges. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High resolution 
optics, especially including thermal control; precision target ocquisition, 
film handling ond protection in spoco; Imige tubos. 

RESEARCH COMMONALITIES. Solar cosmic ray (4-CR-1, -2, -4, -5) and 
gamma ray (4-CR-3) measurements. 


RESEARCH CLUSTER 3 XR=IOENTIFICAH0N AND STUDY OF DISCRETE X-RAY SOURCES 


ABSTRACT 

OBJECTIVES. Identify and determine sifo, structure, spatial 
distribution, radiation mechanisms of discroto x ray sources With 
improved precision, dotermmo angular distribution of diffuso x-ray 
background. 

BACKGROUND. Sources identified with supernovae ejecta or 
remnants, peculiar bluish stars, radio galoxioo. Others possible are 
Wolf Rayot stars, novae, planotary ncbulao Accurato positions, 
images, and spectral energy distributions needed. X ray background 
oppoais uniform, but improved photometry may reveal variations 
duo to multiple components. 

RESEARCH DESCRIPTION. (A) Conduct sky, soloctod aroa 
surveys for new dlscroto sources; locoto known sources more 
prccisoly; determine angular oico upper limito; obtain improved 
spectral onergy distributions; monitor sources for variability Use 
200-oq ft proportional countor array, I- to 20-kov range, continuous 
sky-scanning modo, 0.1- to 3Q-arc min angular resolution. (Bl Imago 
known sources to 1-arc-soc resolution; spectroscopy and precision 
photomotry Use 750-gq in. gracing-incidonco toloscope 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Free-flying modules for telescope and 
proportional counter array. X-ray telescope pointing controls, TV monitor 
possibly required in space station. 

CREW. Electromechanical, optical technicians I* 6 years experience), 
EVA assembly and periodic servicing. 

DATA, Program (A) electronic data, sorted on magnetic tope, directly 
transmittable to ground Program IB) photographic (film), electronic data 
OPERATIONS. Assembly x roy tetescopo, proportional counter array, 
deploy both In free orbits. Counter array automatic. Toloscope with 
man-aided target acquisition by remote control, TV monitor, othor phases 
automated. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High resolution 
optics, precision target acquisition systom, Him protection, handling, uso in 
space. 

RESEARCH COMMONALITIES. Some sources may ho dctcctablo at 
gamma-ray energies (4CR-3); simultaneous measures valuable. Optical 
observation of sources important to elucidote physical nature (3-OS). 


RESEARCH CLUSTER 3-LF-LOCATION. STRUCTURE, AND PROPERTIES OF LOW-FREQUENCY RADIO SOURCE}- 


ABSTRACT 

OBJECTIVES. Identity ond determine physical properties and 
omission and absorption mochanicms of discrcto LF saurcos, LF 
background components, and intervening media 

BACKGROUND. No resolved discrcto courcos vot dotoctcd outside 
solar Gystom. Radio galaxies, quasars, goloctlc HI I regions, super 
novae remnants, and the Galaxy's nuclous are primo candidates. LF 
background has boon mapped to only 46 to 60-degrco resolution in 
0.4- to 10 MHz rango with fair cpoctral resolution ond radiometric 
precision. 

RESEARCH DCoCRIPTION. Scan sky sequentially at approx 
Imatoly 1 r Jixed frequonctos in 0 1 to 10-MH* range, using D km log 
rhombic antenna with beamwidth 6 to 16 degrees for background 
mapping, joined to short dipole array forming an interferometer 
with 2dcgroo resolution for discrimination of discroto sources. 
Should detect about 100 discroto sources ond greatly improve angu 
lar and spectral resolution of background. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Launch antenna package to geosyn- 
chronous orbit or higher. Infrequent returns for servicing. 

CREW, Technicians. EVA servicing of antenna propulsion system and 
possibly electronics. 

DATA. Electronic, transmitted to ground. 

OPERATIONS. Antonno system deployment, activation, operation (con 
tinuous sky scan) and doto-taking are automatic, with doto transmitted to 
ground. 

RESEARCH SEQUENCING. No special considerations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Study of automatic 
versus man-aided antonno deployment and servicing. 

RESEARCH COMMONALITIES. No special considerations. 


SPACE PHYSICS 


research CL a ^ OF the space environment on ^emical reactions 

OBJECTIVES. Establish affects of noar-zero aravitv and nh* , co# « CONSIDERATIONS FOR IMPLEMENTATION 

walls on chemical reactions „ - ^ 


walk n „ "hi' " ' ^ noar ' z e f o gravity and absonce of 

walls on chemical reactions, including combustion phenomena with 
variances in materials and mixing processes. P" ono ™" a . with 

frnm^^T 0, S °™ da,a on f ' a ""™bllltv in zoro-g generated 
mahiiir ort ‘ dura,ion drop-tower and aircraft tests, SkylabA flam- 
mab,|,,v experiment IM-749) will provide initial information C 
expanding scope of this research. 

RESEARCH DESCRIPTION. React a variety of liquids and solid* 

r o a c^ on U r a tos^ ' 'fl " m ° 'f ' S Moasure reaction/combustion products 
action rates, flame-front profiles, temperatures pressures and 
acceleration levels. Progress from simple to complex aTfollow^ 
(1) burn several solids at various 0 2 partial pressures; (2) burn liquid 
hy rocarbons as above, (3) impinge hypergolic fuels and oxidizers at 
various mixtures, (4) burn various metals in different atm“Zr BS 
Accelerometers, pressure transducers, cameras, spectrometers and 
pyrometers will be used to measure tho various parameters. 


ABSTRACT 

OBJECTIVES. Obtain data on nature and degree of instabilities at 
liquid-vapor interfaces for both cryogenic and noncryogenic liquids 

under various low-g conditions. 4 U!> 

hlhnn a R ri°d ND; L ‘T ar analvsis of liquid sur,acB during 

n^dek nf f 3 ' n,n0 ■ S ' n l0W ' 9 has boen P 0 ^ormed. Simpk! 

models of axisymmetric reorientation flow partially confirmed bv 
drop-tower tests, bu, nonlinear effects (geyser decay bubble 

'low a d T ° bservable due ,0 short observation time, Long- 

future Nfo" 0 r8q ^ *° Pr ° Vide baSiC das| 9" ^formation for 
future life support and propulsion systems. 

RESEARCH DESCRIPTION. Viewported tanks with removable 
a les and pressurization nozzles used to study static liquid vaoor 
interface shape, reorientation flow following 
liquid sloshing response, interface dynamics during venting pressuri- 
aation, filling and draining; also surface shape and s^abilfty of 
rotating liquid drops. Wide range of vibration and g levels Liquid 
dynamic behavior photographed. Vibration signature g-level ?ank 
configuration also of interest. 9 ' 


for tests' oower 7 fiO w m ' V ' eiVp0r,ed combustion pressure vessel 

«« c~~. w .ph. 

Si'ssr*' “ - »““*>" ■» 

SUPPORTING TECHNOLOGY DEVELOPMENTS r nn i™' 

i CH C °r° NAUT ' E S- Apparatus common 
C * research clusters; some commonality with 1-LS- 11. 

YOF LIQUID- VAPOR INTERFACES 

CONSIDERATIONS FOR IMPLEMENTATION 

“!L if ,o -*». « 

“"f*”' “» ■“ "“*• °™ «•" approximately 4 p,, 

iO.1 cm sec-2 during L,d Bta run toleration not to exceed 

»» "» tank „ ilh 

and h„d JZZZZJZ? m Ilk klauvpom 

SUPPORTING TFCHNCLOGY DEVELOPMENTS i _ , 

and isolation mounts; g-level control; onboard fS proce S dog ' 3 m °’ er 

4 R pfcM^e rt l°hT 0 , NAL n T,ES - S ° mB aPPOratus -mmon with other 
3 P/C-l I research clusters. Common objectives with 1-LS-1. 
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RESEARCH CLUSTER 4P/C3-BOILING AND CONVECTIVE HEAT TRANSFER IN ZERO-GRAVITY 


ABSTRACT 

OBJECTIVES. Dotormino offoet of gravity levol on incipionl and 
nucloato boiling and corwoctivo hoot transfer, 

BACKGROUND. Frco and forced convoction adequately described 
by theory and confirmed by i-g testing, but no known data avail- 
able regarding low-g behavior. No comprehensive boiling theory 
includes effects of gravity. In limited drop-tower and low-g aircraft 
tests, observation time too short for spacecraft heat-transfer dosign 
or for comprehensive boiling thooiy. No tests performed deal with 
important phenomenon of boiling and convection along a boundary 
in low-g. r 

RESEARCH DESCRIPTION. Tests in a 1-m-diamotor by 2-m Insu- 
latod tank containing LH 2 and hooter surfaces of various types and 
orientotions. Primary data are filmed histories of bubble formation 
growth, and detachment from heaters os a function of hoot flux 
temperature differential, and local gravity vector. Of particular 
inters! are point of incipient boiling, nucleate boiling, peak heat 
flux, and film boiling behavior. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. High peak power (3,000 w) but low 
averogo (30 w); 800 kg; 1-m-diametor x 2-m tank; TV and motion picture 

temperature"**^ 0 ln8,rumen,s 10 measuro Pressuro, occolorotlon, and 

S1.2"'dE nlI, “ »■« 

Ph0, °» rophlc ,i,m ou 9 mon,eri by audio records and computer 
wohjot'ion r ° W d ° ,a reqU red bv Princlpal 'rtvestlgator on Earth for visual 

ex P p E 0 HmIn? 8 NS ' R ° SOarch ,acill,v 0 ’ levo1 rnu8t be maintained closely during 

brnddf RC h H . SE0UEIy L c,NG - Progress from noncryogonlc to cryogonic 

nrnm mid 102 *° 10 ’ 6 ° <if P 088iblo >- Test period cannot bo 

interrupted once begun due to loss of correlation. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. G-lovel control low-g 
acceleromoters and isolation mounts; film 'video-tape trado study 

4-pfr.?w!! n CO l ! V T NAL ' T ' ES ' MuCh appora,us ~on with other 
^ ' research clusters. Common objectives with 1-LS-1 


RESEARCH CLUSTER W/C4— EFFECT OF ZERO-GRAVITY ON THE CONTROL OF MATERIAL DENSITY 


ABSTRACT 

OBJECTIVES. Utilize surface-tension effects, which dominate in 
zero g, to produce materials having controlled-density characteristics 
(foams and composites). 

BACKGROUND. Some foamod mttals and glasses, some controlled 
ensity coatings, and reasonably uniform composites produced on 
fcarth. Composites usually reinforced by filaments, although greatest 
strength obtained by single-crystal whiskers. Production of single- 
crystal-whisker composites hampered by difficulty in uniform 
whisker distribution in a 1 -g field. Improved understanding of 
mixing and solidification is necessary. 

RESEARCH DESCRIPTION. Both uniform and controlled-density 
materials attempted. For foams, uniform density sought by extru- 
sion of the melt through a gas sparger or by ultrasonic agitation- 
variable density foam made with centrifuge. For composites' 
uniform whisker distribution sought by heating and mixing in liquid 
state, centrifuge used to create variable density composites. 
Pressures, temperatures, and acceleration levels measured. 


CONSIDERATIONS FOR IMPLEMENTATION 

SP S CILITV ,ll S 0URCES ' Hi0h p0wer repaired high-pressure 
inaction furnace: (5-kw average, 20-kw peak). Gas chromatograph mass 

poctrome er, materiais analysis microscope, tensile tester, timer, cameras 
acceleration ‘ mBasurm 9 dovict > 8 Pressure, temperature, and 

fn?i! W ‘ Phv8ic ' 8t (technician level), to load furnace, adjust test instrumen- 
tation and controls, and monitor test results. 

DATA Experiment foamed product Itself is raw date. Some low- 
bandwidth parameter recording also necessary for control references Voice 
annotation of observations and film, 

OPERATIONS. Requires stable near-zero-g environment (10‘^g) 

^ ES . EA a R ££ „ SEQUE NCING. Would benefit from results of research 
cluster 4-P/C-2; predecessor to 4-P/C-6. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Contaminant-proof 
environmental control and life support system (in case of accidental release 
of molten material); low-g accelerometer and isolation mounts. 

RESEARCH COMMONALITIES. Predecessor to 4-P/C-6; some equipment 
common to other 4-P/C-l ) clusters and to 1 -LS-1 1 . 


RESEARCH CLUSTER 4-P/C-5— EFFECT OF ELECTRIC AND MAGNETIC FIELDS ON MATERIALS 


ABSTRACT, 

OBJECTIVES. Establish effects of near-zero-g environment on 
behavior of materials in presence of electric or magnetic fields. 

BACKGROUND. Electric and magnetic fields have been used to 
prevent liquid/vapor agglomeration in LOX transfer. Nonlinear 
electric fields increased heat transfer coefficient of dielectric fluids 
and increased heat flux in both the nucleate and film-boiling 
regimes Limited drop tower -nd low-g aircraft tests partially 
confirm predicted behavior, but time of observation too short for 
complete confirmation in equilibrium situation. 

RESEARCH DESCRIPTION. Sequential heat-transfer tests 
utilizing nonlinear electric or magnetic fields. Fluid introduced into 
cylindrical tank containing central heater with either concentric 
screen to provide nonuniform electric field or electromagnet to 
provide nonuniform magnetic field. Thermal gradient imposed 
across liquid, and heat flux at nucleate and film-boiling points and 
at liquid vapor interface measured as function of field intensity. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Test chamber, (maximum power, 2 kw 
average power 200 w), timer, camera (TV or film), flux meter, various test 
gages for power, temperature, and pressure control. 

CREW. Physicist (professional level) and electronics technician, to prepare 
test chamber, control test variables, and monitor data results. 

D/ ^c‘ Motion pictures and magnetic tape; raw data required. Evaluated 
with tarth-based control measurements in 1 g, 
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RESEARCH CLUSTER 4-P/C-9-EFFECTS OF ZERO-GRAVITY ON LIQUID RELEASES AND LIQUID DROPS 


ABSTRACT 

OBJECTIVES. Advance ihe stato of knowledge m basic behavior 
of fluids undo' zero-g conditions in support of future fluld-systom 
design and dovolopmont. 

BACKGROUND. Behavior of droptots in zeto-g has been observed 
in froo-folllng tubes containing morcury. Moro knowledge is required 
about tho Interaction of droplots and shapes, and tho oscillations 
occurring in larger droplots. Kolvln-Holmholtz instability in simplo 
geomotrios is understood, but influence of gravity on this phenom- 
enon is not well understood. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, Liquid tost chamber (avorago power, 
176 w), laser holographic or TV camera, with associated controls and 
gages. 

CREW. Physicist and electronics technician, to prepare gas-droplet 
mixture, observe and control measurements, and communicate with 
ground-based invostlgotors on test results. 

DATA. Film or video tape, raw data required. Voice annotation of test 
observotions on mognetic tape. 


RESEARCH DESCRIPTION. Moasuro size-distribution of liquid 
droplots, spray velocity, shape of droplots, spatial distribution, drop 
oscillation frequency, and damping constant, Air or another gas 
flows over liquid films of various thicknossos; gas stroam is thon 
passed through aorosol counter to dotormino droplot size distribu- 
tion, Wator-soturoted air is passed over i condensing surface, and 
motion of tho condonsato and liquid droplot sizo distributions are 
observed. Drop-oscillation frequencies, shapos, „nd attenuation rotes 
are determined by high-speed photography. 


OPERATIONS. Low-g lovel (10' 2 g) required during tests, electrostatically 
or magnetically adjusted for random g-forces. Controlled gas flow-rato 
affects aerosol size, shapo, und distribution. 

RESEARCH SEQUENCING. Reference data collected in 1-g environment 
prior to flight. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Fllm/vldoo tape trado 
study; lasor holography for throe-dimensional observation of rotating liquid 
drop. 


RESEARCH COMMONALITIES. Application to cloud-physics rosoarch, 
6-M-4; some apparatus common to othor 4-P/C-l ) roseorch clusters, 

RESEARCH CLUSTER 4-P/C-10-CAPILLARY FLOW IN ZERO-GRAVITY 


ABSTRACT 

OBJECTIVES. Obtoin Information basic to understanding of 
capillary flow in zero-g, as found In wicks, packod bods, and straight 
und converging channels. 

BACKGROUND. Capillary flow of liquids in screen wicks, packed 
bods, and various capillary channels m low-g are of interest because 
of the difficulty of simulation under normal grovity. Knowledge of 
those phenomena will contribute not only to basic scientific knowl- 
edge of copillary flow but also to design confidence required for 
futuro-gonoration space procoss equipment that makes, use of this 
phenomenon. 

RESEARCH DESCRIPTION. Observe flow of various liquids in 
wicks, pocked beds, ond straight and converging capillary channels 
in suitable tost enclosures. Study wlcking rotes as well as flow under 
various pressuro differences. Tako data on volume change of 
bladdered liquid samples at one ond of a test specimen; ond visually 
observe motion of liquid-vapor interface, and temperature chango at 
o prepositioned heated test element as liquid-vapor interface arrives 
at the location. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Test chambor tank systom (overage 
power, 260 w). Variable frame-rote camoro, power motor, ond associated 
controls, gages, and recording equipment. 

CREW. Physicist (technician level) ond eloctronics technician, to insert 
test specimens, adjust and oporoto controls, and monitor test rosults. 

DATA. TV video ond control parameters on magnetic tapo; row data 
desirable for comparison with ground control data. 

OPERATIONS. R* ^uires controlled and repeatoble g-lovols in four ranges 
(10‘‘ to 10 ° g) for 10-minuto test periods. 

RESEARCH SEQUENCING. Recommended thot all tests at a particular 
g-levol bo done in soquence (360 minutes per soquenco, four sequences). 
Requires reference data in 1 -g prior to flight. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Low-g occoleromotor 
and isolation mounts, g-lovel control system, 

RESEARCH COMMONALITIES. Some apparatus common to othor 
4-P/C-l ) research clusters. Applies to advanced life support and protective 
systems. 


RESEARCH CLUSTER 4-P/C-l 1— BEHAVIOR OF SUPERFLUIDS IN THE WEIGHTLESS STATE 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Gather low-g experimental data about the behavior 
of superfluids in space. Investigate influence on tho fountain and 
creeping-film effects. 

BACKGROUND. For the fountain effect, excellent agreement has 
been obtained between existing theories and 1-g experiments, using 
liquid helium. No comprehensive theory adequately predicts the 
results of 1-g experiments involving the creeping-film effect. Data 
not yet available concerning these effects in reduced-gravity 
environments. 

RESEARCH DESCRIPTION. Use low-temperature liquid-helium 
dewar with one or more viewing ports to visually observe behovior 
effects in low-g environments. A concentric capiliary tube with a 
wider section below it will bo used to observe the response of the 
fountain of liquid helium upon the application of heat. The liquid 
transfer rate of helium to or from the inside of a partially sub- 
merged open-ended cup will be used to observe the creeping-film 
effect. 


SPACE FACILITY RESOURCES. Cryogenic dewar test vessol (power 
requirements, 20 w); supply of liquid helium, timer, camera (TV or movie), 
and associated controls and gages. 

CREW. Physicist (technician level), to prepare cryogenic tank, insert tost 
object, observe and control measurement conditions, ond record test 
results. 

DATA. TV or movie film; raw data, test control data, test run of images 
transmitted to ground. 

OPERATIONS. Must maintain three different g-lovols: 10‘ 2 , 10'4, and 
10' 6 g, during experiments. 

RESEARCH SEQUENCING. Perform experiment after liquid helium 
reaches equilibrium; compare with 1-g control data on ground. Time 
marker placed on TV-camora recordings. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Low-g accelerometers 
and isolation mounts; g-lovc! control system. 

RESEARCH COMMONALITIES. Same instrumentation as used for 
4-P/C-3 and -10. 


RESE rr„LT TER WIM - sp «<*"af T .env,ro<i.ment plasma interaction 


ABSTRACT 
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AR5TRACT 
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ABSTRACT 

OBJECTIVES. Produco smoll, artificial ourorol spots at various 
latitudes t>v three processes: alkali motol ln|oction, electron beam 
interaction, and VLF wave interaction. 

BACKGROUND. Study and analysis of aurora dotos back to 
Aristotle. Aurorol disploys result from the ionization of atmospheric 
constituents by the cnorgotic electrons ond protons of the solar 
wind. Howovor, the fundomontol processes within tho aurora are still 
not understood. 

RESEARCH DESCRIPTION. Tnaoering of aurora by alkali 
chomica! moons involves techniques described In research cluster 
41 P-2, oxcopt that chomicals proposed hero include SF„ and aro 
released in much larg r quantities. Techniques involved in auroral 
production by energetic electrons aro some as thoso of cluster 
4 PP-2. Tho third technique, auroral production by VLF wave intor 
action, is a second-order offect of research clustor 4 PP 2 since 
electrons that may bo procipitatod by VLF interaction could bo 
related to naturol auroral phonomono. 


RESEARCH CLUSTER 4-PP-4-AURORAL PROCESSES 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. High peok-powor requirements (10 kw), 
deployable 37G-m crossed-dipolo antonna, instrumented subsatollites 
electron beam occolerotor, VLF tronsmlttor/recoivor, oloctron dotoctor’ 
plasma wavo detector, etc., with associated recording equipment. 

CREW. Physicist (professional lovol), aidod by oloctro-mochonical tech- 
nician and astronout, to launch and control subsotollitos, obsorvo and 
ovoluato tests. 

DATA. Onboard evaluation of raw data. TV video ond photographic film. 
Telemetry and control data on magnetic tope. 

OPERATIONS. Inclinations from 0 (for chemical roloasosl to 90 degrees 
(for VLF wove propagation). Chemical Injoction at «=GOO km. 

RESEARCH SEQUENCING. Ejoct ond position instrumontod subtotal 
lites. Tost for poriods of a low hours. Coordinate with ground moasurmn 
activities. u 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Design subsotollitos; 
long torm coordination with other plasma resoatch activities; film/vidoo 
tope trade study, study of contominotion by physics experiments. 


— — RESEARCH COMMONALITIES. Simi lar to 4 PP 2. 

RESEARCH CLUSTER 4 CR-1 -CHARGE AND ENERGY SPECTRA OF COSMIC-RAY NUCLEAR COMPONENTS 


ABSTRACT 

OBJECTIVES. Determine charge and onergy composition of nuclei 


- u- *"-'Uf vvi.g/umnwil Ul ftUUIUI 

that make up greatest port of high-energy cosmic-ray flux. Utilize 
available primary enorgios for interaction experiments 

BACKGROUND. Experimenters have measured flux and energy 
spectrum of protons in 20-MeV to 10-GoV range, and ol helium 
nuclei from IBMoV to 30 GeV per nucleon. Over roughly somo 
onergy range, data available on flux of Be, B, C, N, O, No, Mg Si 
and the group IB^ZsSSO (Z atomic number). Above 10 GeV 
per nucleon, data are sparse on energy spectra of individual species. 

RESEARCH DESCRIPTION. Three typos of instruments are used 
to detormina charge and energy of high energy particles (1) propor 
tional or scintillation Cerenkov counters to measure Z 1 F(v), 
(2) magnetic spectrometers to measure momentum per Z, (3) total 
onergy counters. For relativistic particles, any two of thoso moasure 
moots ore sufficient to determine charge and onergy, provided tho 
ratio of mass to charge is known To moasure isotopic abundance 
all three measurements are required. Requiros a large magnet and 
total energy spectrometer, 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Superconducting magnot, cryogomc 
system, proportionol Coronkov counter, magnetic spectrometer, total 

f oun,ors - 0,c - °"d supporting recording and motoring oquipmont 
iz,u0O kg total. 

CREW, Physicist (professional levol), assisted by two electrical engineers, 
to calibrate and maintain oquipmont, monitor data inputs, and analyze 
results. 

DATA. Raw data required for onboard analysis; photographic film ond 
magnetic tape. 

OPERATIONS. Mointom precise geometrical and electronic configuration 
during data run. Magnotic moment (lO* 3 omp/m2) severely perturbs 
spacecraft stabilization. Avoid natural trapped radiation belts. 

RESEARCH SEQUENCING. Flexible scheduling ond experiment roconfig 
uration mandatory since existence of many particles is not certom. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Largo cryogenic sys 
terns in space; superconducting magnet des.gn, film development. 

a ol E > A ? CH TONALITIES. Complements other research clusters in 
4 CR { ) series * 


RESEARCH CLUSTER 4-CR-2 -ENERGY SPECTRUM OF THE HIGH-ENERGY PRIMAR Y ELECTRONS AND POSITRONS 

or icptu/cc „ ABSTRA ' T CONSIDERATIONS FOR IMPLEMENTATION 

UbjcLTI VES. Determine properties of tho electron positron SPACE FACILITY rpcoi iprEc c 

component of primary cosmic radiation. Test validity of theories of ™i,™ CES ' Su P erc °" d uctmg magnet, cryogenic 


ABSTRACT 

OBJECTIVES. Determine properties of tho electron positron 
component of primary cosmic radiation. Test validity of theories of 
origin of cosmic radiation and diffuse x-ray background. 

BACKGROUND. Primary electrons thought to be generated by 
two different processes (1) by acceleration of low energy electrons, 
and (2) as secondaries from the nucleonic-component collisions of 
the cosmic radiation. Approximately equal electrons and positrons 
result from nuclear reactions. If p'l cosmic ray electrons wero 
secondaries from the nuclear com.'.onent, equal numbers of 
positrons and electrons would be expected. Measurements indicate 
about ten times os many electrons as positrons, at least betwoen 0 5 
and 10 GeV. 

RESEARCH DESCRIPTION. Obtain data on flux and spectra over 
wide energy range Experimental arrangement depends on large 
superconducting magnet Uses multiwire spark chambers to define 
path of particle through magnetic field, a total enorgy counter in 
which energy of electromagnetic shower is measured, and a set of 
counters to trigger tho system. 


> niuyntii, uyuHUfllL 

cooling, spark chambers, lota! onergy counter, positron detector threshold 
electronics, ond supporting recording and metering equipment ot display 

console; about 1,000 kg total. 

fn R !7'r ^V'*® 1 ** (Professional level), assistod by two electrical engineers, 
operations ’ COn, ' 9urm,on 9 eome,r V. perform calibrations, and monitor 


DATA. Raw data required for onboard analysis; tape and photographic 


OPERATIONS. Incident direction of particle defined from instantaneous 
spacecraft orientation. 

RESEARCH SEQUENCING. Flexible scheduling and experiment reconfig 
uration mandatory Run continuously (once initiated! until sufficient 
stot »st ics aro accumulated 


SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys 
terns in space; superconducting magnot, film processing in zuro g. 

4 rR E | A ? CH COMMONAL,T,E S- Complements other research clusters in 
4 tR'l ) series. 
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RESEARCH CLUSTER 4 CR-3- ENERGY SPECTRUM AND SPATIAL DISTRIBUTION OF PRIMARY GAMMA RAYS 


ABSTRACT 

OBJECTIVES. Increase understanding of energy spectrum, sourco 
mechanisms, and spatial distribution of incidont primary gamma 
rays from a manned orbital cosmic-ray laboratory. 

3ACKGR0UND. Space study of tho mcidont flux of primary 
lamma rays can load to the solution of somo of tho most funda- 
mental probloms of astrophysics, such os tho presonco of antimatter 
in tho universe, tho properties of galactic and tntorgolactic matter 
and magnetic fiolds, and tho general question of tho origin and 
nature of discrete cosmic-ray sourcos. Weak sources of gamma rays 
aro dotocted only abovo tho atmosphere. 

RESEARCH DESCRIPTION. Detect and count particles. For 
neutral particles to bo detected, they must first interact to produce 
chorgod particles. High onorgy gamma rays aro dotocted through 
their production of olocti on-positron pairs in a converter. Dotormino 
the direction and onergy of incident photons by analyzing the 
trajectory and onorgy of tho pair produced. Multiplato spark 
chambers, a superconducting magnet, and scintillator arrays are 
roquirod. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Superconducting mognot plus other 
heavy, bulky apparatus, such as scintillator arrays, multiploie spark 
chumbcrs, and associated recording, computer, and display equipment. 

CREW. Physicist (professional level), assisted by two electrical engineers, 
to establish configuration geometry, perform equipment calibration moni- 
tor operations, and anolyzo test data. 

DATA. Raw data required for onboard analysis; photographic film and 
magnetic tape. 

OPERATIONS, Pointing accuracies up to 0.1 degroo. Space scanning 
direction for both scan and fixed pointing modos. 

RESEARCH SEQUENCING. Flexible scheduling and oxperimont reconfig- 
uration mandatory. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Largo cryogomc sys 
terns, superconducting magnet, photographic film processing. 

RESEARCH COMMONALITIES. Results impact upon 4-CR-5. 


RESEARCH CLUSTER 4 CR-4-LONG LIVED HEAVY ISOTOPES IN COSMIC RAYS 


ABSTRACT 

OBJECTIVES. Dotoct and identify tho vory very heavy (WHI 
isotopes that are present in the primary cosmic radiation. Measure 
isotopic abundance and rigidity spectra of transuranic nuclei. 
BACKGROUND, These particles have very short interaction 
lengths. Attempts to detect them with balloons have indicated only 
that such particlos are indeed present in the incoming radiation, and 
in greater abundance than predicted by universal abundance compi 
lotions. Longor observation experiments to detect WH primaries 
would be possible from onboard a space platform. 

RESEARCH DESCRIPTION. Identify particles using nuclear film 
emulsions, plastic sheets, or stacks of both. Deduce particlo mass, 
using the usual triggering logic and spark chambers and a transition 
radiation detector for measuring velocity, and a TANC detector for 
measuring energy. Alternatively, use large area ionization and 
Cerenkov counters in combination to measure particle mass Meas 
uremontsrun continuously until sufficient statistics are accumulated 
to permit the abundancios of tho nuclei to bo determined. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Shielded, temperature-controlled stor- 
age roquired if omolsions are used. Dotector arrays, lOO-kg/m?; alternative 
dotoction systoms of triggering oloctronics, spark chambers, or Corenkov 
and ionization countors for automated threshold computer control. 

CREW. Physicist (professional level), assisted by oloctromochomcol tech- 
nician, to perform EVA, roco 1 ' r exposed plotos, and analyze data. 

DATA. Raw dota required for onboard analysis; photographic film and 
magnotic tape. Computer printout in automated systom. 

OPERATIONS. Low equatorial orbit highly desirable to roduco emulsion 
fogging from radiation. 

RESEARCH SEQUENCING. Flexible scheduling and experiment reconfig 
urotion mandatory. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Transition radiation 
detector Film processing and plate etching in zero-g 

RESEARCH COMMONALITIES. Supplements other research clusters in 
4-CR-( ) serios 


RESEARCH CLUSTER 4-CR-5-ANTINUCLEI IN COSMIC RAYS 


ABSTRACT 

OBJECTIVES. Detect antmuclui in cosmic rays and thus provide 
insight into fundamental questions in cosmic-ray physics, cosmol 
ogy, and astrophysics 

BACKGROUND. With discovery of the positron, physicists and 
philosophers alike predicted existence of other antiparticles. 
Symmetry between particlos and antiparticles is now fundamental 
principle of physics. Several questions arise Whore is the anti 
matter? What keeps it from annihilating with matter? How con it be 
detected? Key to the answer to last of these questions centers on 
observing primary cosmic rays for existence of antinuclei. 
RESEARCH DESCRIPTION. Superconducting magnet is primary 
instrument, since no other instrument has the ability to separate and 
determine the sign of the charge of a high energy nucleus. In addi- 
tion to the polarity determination of tho particle trajectory, the 
sense of tho particle must be found, using scintillation countors and 
spark chambers. Tune sequence dota can also be obtained with the 
scintillation counters. Measure total energy, using t il absorption 
nuclear cascade (TANC) counter. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Superconducting magnot plus other 
heavy, bulky apparatus; 12,000 kg total mass. Total absorption nuclear 
cascade (TANC) counter, computer-controlled threshold electronics, scin- 
tillators, spark chambers, etc., with associated recorders and displays. 

CREW. Physicist (professional level), assisted by two electrical engineers, 
to configure instrumentation, monitor operations, and analyze data. 

DATA. R aw data requirsd for onboard analysis, photographic film and 
magnetic tape. 

OPERATIONS. E xperimont runs continuously once initiated Requires 
careful timing soquence and geometric control. 

RESEARCH SEQUENCING. Flexible scheduling and experiment reconfig 
uration mandatory since existence of antinuclei particles is not certain 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys 
terns superconducting magent, film processing in zero g. 

RESEARCH COMMONALITIES. Reconfiguration of same equipment as 
for 4-CR-1. 
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RESEARCH CLUSTER 4-CR-G- 

ABSTRAfJ 


•QUARKS (STABLE FRACTIONALLY CHARGED PARTICLES) IN COSMIC RAYS 

CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Search lor quarks and verily physicol theory, 

BACKGROUND. Tho quark model of Gell-Mann and Zwoig has 
had great success theoretically. It -orrectly predicted existence of 
tho St Particle, Its usefulness os o guido to tho classification of stoles 
of elomontary partlclos has been firmly ostobllshcd. Tho existence of 
quarwx led to tho prediction of tho scolar moson, Quarks roportedly 
observed in two oxporimonts, but much controversy oxlsts and 
claims ore currently bolng disputed. Furthor supportive work to 
search for quarks Is Important to cosmic-ray physics. 

RESEARCH DESCRIPTION. .Search for ond positively idontify 
fractionally charged particles. Use detectors and electronic countors 
rather than a bubblo chamber. Positivo identification of fractionally 
charged particles may omploy spark chambers triggered by scintil- 
lotors, a superconducting magnot, and onorgy-loss and total-energy 
dotoctors. Moasuro mass, energy, and charge lovol of tho particle. 


SPACE FACILITY RESOURCES. Superconducting magnet plus othor 
heavy, bulky apparatus, such as spark chambers, energy-loss detector, 
total-energy detector, onboard computer, etc. with various controls and 
Instrumented displays. 

CREW. Physicist (professional level), assisted and by two olectrical 
engineers, to configure apparatus, perform calibrations, and complete 
analysis. 

DATA, Raw dato required for onboard analysis; tape and photographic 
film, 

OPERATIONS. Detection threshold ot event Is computor-logic controlled 
and alarm activated. 

RESEARCH SEQUENCING. Flexiblo scheduling and oxperimont iroconfig 
uration mandatory since existence of many particles is not certain. 
Rechcck calibration of equipment immediately following ovont dtscovory. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Largo cryogenic sys 
terns; superconducting magnot; film processing. 

RESEARCH COMMONALITIES. Research may bo combined with 
4-CR-l. 


RESEARCH CLUSTER 4-CR-7- UNKNOWN PARTICLES IN COSMIC RAYS 

ABSTRACT 


OBJECTIVES. Analyze tho incoming cosmic-ray boam before it 
interacts with tho atmosphoro, to search for rare partlclos that hovo 
not boon detected on tho Earth. 

BACKGROUND. Spaccborno research moy offor unroolizod 
research opportunities. Possibly only nogative experiments will be 
performed; i.o., now lower limits will bo placed on cross-sections or 
abundancios. Experiments, for tho most port, are simply tho identifi- 
cation of unusual ovont6 in othor oxporimonts. An exception to this 
occurs, however, when a specific porticlo is bomg sought (for 
oxamplo, the magnetic monopolo). 

RESEARCH DESCRIPTION. Nonspecific oxporimonts. Analyze 
data from othor oxporimonts to search for and screen now particles. 
Theoretical predictions moy indicate thot experimentation 6hould 
bo undertaken in a search for somo particular particle. Exploit 
reconfiguration capabilities, if such a need arises. Cosmic-ray labora- 
tory will be capable of providing the apparatus nsetssary. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Uses cosmic-ray physics apparatus 
already aboard tho space facility, thoso are described for othor 4-CR-l ) 
research clustors. 

CREW. Physicist (professional lovol), assistod in general activities by two 
electrical engineers ond o technician. 

• DATA. Row doto probably required for onboard analysis; somo photo- 
graphic film ond magnot ic topo expected. 

OPERATIONS. Variable but deponds on experimental opportunities thot 
ore not dofinod at outset of mission. 

RESEARCH SEQUENCING. Flexiblo scheduling ond oxporimont roconfig- 
urotlon mandatory since oxistonco of many particles is not cortain. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Same roquiroinents as 
or othor 4-CR-l ) research clusters. 

RESEARCH COMMONALITIES. Nood for experimentation in this 
resoorch clustor can ariso from any other cluster in tho 4-CR-l ) sorios. 


RESEARCH CLUSTER 4-CR-8-CHARACTERISTICS OF ALBEDO PARTICLES ABOVE 100 MoV 


ABSTRACT 

OBJECTIVES. Measure the intensities and energy spectra of all 
components ot the cosmic ray albedo. 

BACKGROUND. Cosmic ray albedo is the flux of particles leaving 
the atmosphere as a result of bombardment by cosmic-ray primaries 
Groat majority are secondaries gonerated by interactions of 
primaries in tho atmosphere, Because of strong collimation in the 
forward direction, only a small fraction of the high-energy particles 
will leave tho top of the atmosphere Measurements of flux and 
energy distribution of neutrons loovmg tho atmosphere are impor- 
tant because of influence on tho population of the radiation bolts. 
RESEARCH DESCRIPTION. Determine the spectrum and inten 
sity of albedo electrons and positrons above 100 MoV, and observe 
how these parameters change with geomagnetic coordinates and 
time. Distinguish between primary particles and albedo partlclos by 
analysis of scintillation pulses. Requires a superconducting magnet, 
spark chambers, scintillation countors, a total-absorption scintilla- 
tion counter (TASCI, and electronics for control and analysis. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Requires superconducting mognot plus 
other heavy, bulky apporotus, osdoscribod in Resoorch Cluster 4-CR-2. 

CREW, Physicist (professional level), assisted by two olectrical engineers, 
to sot up apparatus configuration, perform cohbrotions, and monitor dota 
results, 

DATA, Raw doto required for onboord analysis, tape, photogrophic film. 

OPERATIONS. Spacecraft instantaneous orientotion important to anoly/e 
porticle incident direction. 

RESEARCH SEQUENCING. Capability for flexiblo scheduling and 
experiment reconfiguration mandotory. Any data run, once initiated, must 
proceed to completion uninterrupted. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Large cryogenic sys 
terns in space; superconducting magnet, film processing in zero-g. 

RESEARCH COMMONALITIES. All other clustors in 4-CR-l ) series 
provide some data for this cluster. 
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COMMUNICATIONS AND NAVIGATION 


RESEARCH CLUSTER B-N-1-TERRESTRIAL NOISE MEASUREMENTS 
ABSTRACT 


OBJECTIVES. Statistical contour mopping ol the Earth'B apparent 
RF noise tomporoturo Dotormmo ambient radio signal environment, 
os soon from spacecraft, for VHF through EHF wavelengths. 
BACKGROUND. Eorth-to ■spaco communications system dosign 
mvolvos knowledge of the spectral donslty of man-made and natural 
RF energy at the spacecraft. Only a few localized noise measure- 
ments from mobile and airborne receivers hovo boon mado, with 
data widely separated in time, frequency, and location. 

RESEARCH DESCRIPTION. Global detection of terrestrial RF 
noiso omissions mappod for various motoorologicol conditions, 
yielding apparont ambient source temperatures as a function of loca- 
tion, frequency, angle of incidence, signal polarization, a, id rccoiver 
bandwidth. Usos 20 radiometric, low-noiso rocoivors with bund- 
widths of about 100 MHz to cover tho spectrum from 100 MHz to 
100 GHz. External noise tomporature soon by antenna would bo 
related to geographic coordinates to plot noise-contour n^ps ond to 
establish signal detection thresholds. Polar orbits desirable to 
achieve complete Earth covorogo. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Radiometric broadband receivers ond 
antennas for covorogos from 100 MHz to 100 GHz. Calibration to internal 
referonco ond cosmic background radiation. Attitude control for antenna 
pointing. 

CREW. Communications specialist, to sot up equipment, monitor opera- 
tions, ond record data, Possiblo EVA for largo erectablo antennas. 

DATA. Magnetic topo and X-Y plotter outputs of antenna diroctivity 
correlated 'o spacecraft altitude and geographic coordinates. 

OPERATIONS. Continuous 3-hour dotes runs. Data covoring 1 year 
doslrablo, 

RESEARCH SEQUENCING. Initially, concentrate on areas covered by 
spaco communications systems. Full global covorago is a major rosoarch 
objective. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Develop computor 
sof twaro; refine dosign of cryogonic radiomotric low-noiso rocoivors. 

RESEARCH COMMONALITIES. Predecessor to 5-N-2. EVA may bo 
evaluated by 1-OE-2 and -3. 


RESEARCH CLUSTER B-N-2-NOISE SOURCE IDENTIFICATION 


ABSTRACT 

OBJECTIVES. Geographically locate ond iu's.nify discrete sources 
of torrestrial eloctromognetic energy emitters, primarily in 100-MHz 
to 100-GHz range. Collect and onolyzo RF noise emittor signatures 
to determine origin ond character (natural or man-made) of these 
interfering, radiating sources. 

BACKGROUND. Reliable Earth-spaco communications systoms 
links must considor RF power levels ond associated modulation 
structures of interfering noise or unwanted random signals. These 
data permit more effective use of RF spectrum. 

RESEARCH DESCRIPTION. Locote terrestrial noiso sources and 
subsequently identify and chorocterize omissions using swopt-band 
receivers connected to narrow-beam broadband antennas, with 
appropriate signal processing and spectrum analysis equipment. RF 
source geographic coordinates obtained as function of spacecraft 
position and antenna pointing and acquisition geometry. Ground 
target resolution depends -jpon antenna aporture, spacecraft 
altitude, stability, and pointing accuracy. Polar orbits desirable to 
achieve complete Earth coverage. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, Swopt-band radiomotric rocoivors, 
narrow-beam antonnas, spoctrum analysis and panoramic video display 
devices, recorders, otc,, lor RF signal covorago from 100 MHz to 100 GHz. 

CREW. Communications specialist, to operate equipment and ovoluote 
output dato. Moy require EVA for large antenna deployments. 

DATA. MugneNc tape; panoramic signal recorded on film; spacecraft 
altitude position, and antenna scanning data correlated to targets. 

OPERATIONS. Perform calibration chocks with cooperative ground 
transmitter sites, using spococroft antenna pointing and control, Global 
mapping covorogo dosirable, although most primary torgots at latitudes 
between plus and minus 60 degrees. 

RESEARCH SEQUENCING. Initial noi»e surveys tukon over selected 
target areas; subsequent data taken worldwide. 

SUPPORTING TECHNOLOGY DEVELOPMENTS, Devolop computor 
software, refine sensitive receivers, precision ontenna pointing, stabiliza- 
tion, ond control subsystems. 

RESEARCH COMMONALITIES. Target selection from 5-N-1 data. 
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RESEARCH CLUSTER B-P-I-IONOSPHERIC PROPAGATION MEASUREMENTS 


ABSTRACT 

OBJECTIVES. Measure and charaetorizo ionospheric ollecis on 
radio wavo propagation Incroaso predictability ol RE transmission 
errors duo to tho ionosphere 

BACKGROUND. Spaco communications passing through tho lono 
sphere < = 60 km to 1,000 km) highly offocted by oloctron donsity 
Maximum oloctron distribution (D, E, ond F layers) is a function ol 
spatial and temporal variables, and inlluonces frequency, phaso, 
polarization, and attenuation, which produco errors in communica- 
tions and navigation systoms. 

RESEARCH DESCRIPTION. Measure oloctron donsity distribu- 
tion, using lonosondo devices located in spacecraft and in subsotol 
litos Perform topside sounding and ono-way transmissions to 
subsatcllitos, and record lonograms Correlate spacecraft position to 
sounding data. Porform multiple modulation of carrier bondwidth 
and analyze relative amplitude and phase difference over extended 
poriods to dotormine short-term, diurnal, and seasonal variations in 
electron donsity profile (f < 100 MHz). 


CONSIDERATIONS FOR IMPLEMENTATION 

nnnrf« 6 F * C,L,TVR ESOURCES. Swept-band digital lonosondo tram- 
automatically controlled by programmed frequency synthesizer 
Remote subiatelllte transponder. 

CREW. Communications specialist, to establish system parameters, extend 

,M and ~ do, °- and = 
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ii Spac0Cf « , « Position and trocking data eorroloted to 

riZno, ■™°“ Dn>iw - “> 

runmf h ^ M SEQUE J JC,NQ - Variable character of ionosphere requires 

soacrerabin T Ch ' Pu,,cd 1 ,30 ‘ oc » ‘onogram signals transmitted from 
spacecraft to cooperating subsatellite. 

SSSVnrS T h CHN 0L0QV DEVELOPMENTS. Advanced digital 
jonoaondo onboard procossmg techniques, 

RESEARCH COMMONALITIES, Complements 4*PP*3 and B P*3. 


RESEARCH CLUSTER 6P-2-TROPOSPHERIC PROPAGATION MEASUREMENTS 


ABSTRACT 

OBJECTIVES. Determine troposphoro dielectric properties and 
transmissibility effects on RF propagation from 0 1 to 100 GHz 
Moasure tropospheric K 60,000 ft) wotor vapor and molecular 
oxygon as functions of transmitter frequency. 

BACKGROUND. Fluctuations in dielectric constant and tropo 
sphere mtroduco variances in Earth to spaco links Experimental 
verification of theoretical models nooded, particularly in higher 
frequency bands, whero tho effects are more pronounced 

RESEARCH DESCRIPTION. Using precision multiband receivers, 
moasure signal power from several calibrated ground station trans 
initters to define variance of RF propagation through tho tropo- 
sphere, Statistically relate frequency to refractive index, meteor- 
ological conditions, spatial and seasonal variance, signal path 
lengths, and angles of arrival Synchronous orbit preferred 
Localized ground station refractive index soundings and meteor- 
ological conditions roquirod during tost sequences. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Multibond rocoivor, ontonnai, precision 
calibration rofcronco sourcos, recording equipment. 

CREW. Communications specialist, to calibrate ond oporato equipment 
acquire ground stations, and monitor data recordings. 

? ATA ; o R0C0rd 0 round ‘ ,o,ion s'Onols for lator analysis. Sovorol minutes of 
do o. 48 timos per day, on signal lovol, froquoncy, direction of orrivol 
polarization, and rofractivo index, 

OPERATIONS. Synchronous orbit proforrod to simplify antenna pointing 
and to stabilize rango and Doppler effects on phoso ond anglo 
moosuromonts. ” 

RESEARCH SEQUENCING. Froquont system calibration chocks botwoen 
samples Local surface meteorological conditions roquirod for statistical 
rereronco. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Continuation 
of ongoing propagation studios, particularly in millimeter wavo and 
optical wave technology programs. 

RESEARCH COMMONALITIES. Complements 6-P-1 ond 4 . 


RESEARCH CLUSTER B-P-3-PLASMA PROPAGATION MEASUREMENTS 


ABSTRACT 

OBJECTIVES. (A) Investigate feasibility of circumventing com- 
munications blackout by positioning a data relay satellite behind 
ionized plasma sheath of a reentry vehiclo IB) Investigate conduc 
fvity, dc voltage breakdown, and degradation from RF multipoctmg 
in high -power transmitters m orbit, 

BACKGROUND. Attenuation of RF signals due to thermally 
ionized atmosphero (plasma) during spacecraft reentry results in a 
temporary loss of communication. (Wotor mioction has boon used to 
reduce this effect ) This plasma sheath may be employed as a 
reflector of RF onergy to o data relay satellite positioned for contin 
uous communications. 

RESEARCH DESCRIPTION. (A) Tune tracking antennas and 
receivers in spacecraft to cooperating reentry vehicle probe Monitor 
probe RF transmissions simultaneously by surface data terminals 
IB) Monitor high-energy RF breakdown by detecting arcing or 
conduction between exposed electrodes ond by measuring forward 
and reflected power, atmospheric pressure, and atmospheric 
composition. 


CONSIDERATIONS FOR IMPLEMENTATION 

nmnnn ^SOURCES. High-wattage RF transmitter and 

ontonno for RF breakdown research VHF and X-Band tolomotry reco.vors 
ond recorders, with tracking antonnos for reentry plasma studios. 

® REVV> . Communications specialist, to sot up tost equipment ond coordi- 
nate scheduling and trocking of reentry probe trajectory. 

DATA, Multiplexed digital and analog data recording on magnetic tope or 
strip recorder. Data tolomotry to ground for analysis. Specimens from RF 
brookdown returned to Earth. 

OPERATIONS. Optical tracking of reontry probe launch. Spacecraft 
external ambient conditions monitored for RF breakdown measurements. 
May require EVA for initial inspections of arcing damage 
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RESEARCH CLUSTER Q-P4 

ABSTRACT 
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MULTIPATH MEASUREMENTS 

CONSIDERATIONS FOR IMPLEMENTATION 
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ABSTRACT 
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CONSIDERATIONS FOR IMPLEMENTATION 
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RESEARCH COMMONALITIES. Concurrent with 6 TF 2 
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RESEARCH CLUSTER 5-TF 

ABSTRACT 

OBJECTIVES. Provitlo manned orbital facility for development 
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•2-DEMONSTRATION AND TEST 

CONSIDERATIONS FOR IMPLEMENTATION 
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ABSTRACT 
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CONSIDEIUTIONS FOR IMPLEMENTATION 
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bandwidth, beam path length, sure of cniult'T " 0 ™ vvavolnn 0*''. 
variance, meteorological conditions " 0 aperture coherence 

pointing errors Par.,c,pa"mn ' by nrn °' a ' nval ' and *»«" 
orbiting spacecraft required ° *” ^ ,or "’"’ al a, ’d another 

RESEARCH PI l tc TFn rj fjg " ! Trnij i I , [j ESE AncH J -™M ONA LITIES. Complements 6 NS 2 and t 

A0ST J t 


SPAca P.c,tr°aZncaaT '“" U * EN ' AT '° N 

™rr” “« srsrr”' 0 " 

lot "titiat noVicKh^.’ 0 ,* rMO l ”Lm C ^hT OS ' ,, PrD ° r ° m t ’ oocon 

monitor status of operations. ° uf o 8V6,C "’ components, and to 

printout and^CRT^disX^Vanat , ,0M “ . Tapu reorder with computer 
Photographs of cloudVovor italfon ^!dn^d!Mo 0 rlm^^ r0n,,, ' l,i,0n, " ' G ”“' 

“O'" bon, mission, between coowra^vT E ° 00mo,rv ' ,or 'me ol 
spacecraft cooporat.vo Earth terminals and orbiting 

SUPPORTING TECHNOLOGY OFVELQPmpmtc 

acquisition and pom.mn sv.L,. i ° MENTS 1 "’Proved optical 
technology, ^ SV5 " , ' m ' ad '' a "ccmon, In laser component 

RESEARCH COMMONALI T.es. Complemen ts 6 N S 2 aml ,. E£ . 4 


ABSTRACT 

mmiSroS sy S ?r,nTerZ‘,ance ZT'V^ 0 nOV, 0 a *’O" *«ch 
tuitions to system error experimentally "' 0 " ldlv ' dual co "' rl 

and vul °c.ty 

systems. Space experimentation ca „ ° ' ° rt 6peod ,,a " 5 PO’tat.on 
selection among numorous candidate sotellue nr’ 9 '',’ 00 ''' 19 da, ° ,or 
RESEARCH DESCRIPTION SeleV 9 ’ 8V5 ' B ' m 

verification testing of concepts Dotorm" ^ ,n9 . SVS,om co '>d'(fates I or 
and error statistics lor single and , , ' n ,° compara tive accuracies 

active or passive techmmios n> ' U ,lp 0 sa,ell "« systems, using 
affecting '" B,h0ds *° errors 

a « VHP through L band luld ° ^ a,mosp '’ ar 'c effect, 
synchronization, and system noise - s,abll "V . .d 

once, Doppler shift ininrin ' evaluate range, range d’ f 

to si mutate actual systems. ° S and ,t?l <1,rcraft »'eq. < fred 


SPACE FAC H 7 S,DERAT ' 0NS FOR ,MPLEM ENTAT.ON 

e t* iwf 

equipment, including recorders Ooneraior, intorfeiumoiors, and tost 
testing wdlTpan^cipating ground jTtos^n^^ a ' ,d co “’‘f"’ a *e 

^transform spacecraft ophemor™to P us!n r posi^n e ont?yeloc 9 ty ,° n9 ^° l,,pu t s 
non, Position *° 0,ror "etermma 

conf'gurot'on' allV ' O>l,Undln0 10 “Vnchronous orbif“',n TnaT^vIlo.l! 
RESEARCH SEQUENCING o h,., i 

availability. ' 0Md °" O'ound station and airc-alt 

improved sato^ite^ofihoil' dem^mfahon ° PME WTS ' Conlpu,or “o"ware; 

- * - a- 
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RESEARCH CLUSTER 6 NS-2- LASER RANGING AND ALTIMETRY 


ABSTRACT 

OBJECTIVES t valuom onboard laser technnuots lor tracking 
T»m „ouo, ami docking 0 I wco vehicles Evaluate loser runging 
ilOYuoa in alt two (or role Determine optimum engineer my par am 
otoro for vonouo modes of operation 

BACKGROUND. Optical radar wavelengths allow high resolution 
am; good accuracy in range, rate and anglo with relatively low 
power In spate, scattering and absorption atmospheric effects are 
not limiting over relatively shoit distances between maneuvering 
spacecraft target acquisition and racking techniques required lot 
cooperative amt noncooperative spa derail dockings 

RESEARCH DESCRIPTION. Contaarc performance ol continuous 
wave dotiplor and pulse type laser devices Solei I wavelength based 
on power, efficiency tuhjbility anil ease of opeiation Poifoim 
seanh, acquisition, ranging, and tracking tests to J00 miles, invest i 
gate transpomlmg beacons ..nil passive reflectors Ootermmo 
reflected eneigy detection thresholds, limiting receiver sensitivity 
(solar glare, specular rebellion), and statislual false alarm rate as 
fum lion of range amt target cross sectional area 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, loser devices tie, modulators, tillers, 
optics), pointing controls, and signal processing equipment 

CREW. Communications tpccioliot in laser techniques, to ocsemhle, 
calibrate, operate, modify or reconfigure test devices, and to assess rosultn 

DATA. Real time display ol ronge, volocity, and anglo. supplemented by 
computer printout, and magnetic topo recordings Oota continuous during 
test, “ 

OPERATIONS Procis.on autotrack with manual override Docking 
maneuvers under pilot control. Effluent release prohibited except os part 


RESEARCH SEQUENCING. Schedule to availability ol radait target 
vehicle, also toot in coniunction with Research Clustor 1 E6 4 


uUPPOHTING TECHNOLOGY DEVELOPMENTS. 

bo developed lor advanced phases ol testing 


long range lasers to 


RESEARCH COMMONALITIES. Complementary to f> CS ;> and 1 Eft 4 


RESEARCH CLUSTER 5-NS 3- AUTONOMOUS NAVIGATION SYSTEMS FOR SPACE 


ABSTRACT 

OBJECTIVES E valuate performance in spans ol various prototype 
spai e navigation devices and system components 

BACKGROUND t arlh orbital, lunar, and planetaiy navigation 
systems employ '"erbal releic-me units, star and landmark trackers 
sun and i.ianei sensors, and radar and radio beacon techniques' 
Qualification ol these devices and tei hmques requires analysis and 
spai e expei imeruat, on 

RESEARCH DESCRIPTION, Test candidate techniques and 
components parametric analysis ol accuracy, reliability, maintain 
ability response lime, alignment and calibiation complexity, and 
lost with relationship to orbit determination and spacecraft post 
lion Establish magnitude of spacecraft and environmental disturb 
.lines allectmg system actinacies and sensitivities Verity and refine 
computer eiroi models pi edit ting system performance Coordinate 
testing with cooperative ground trailing sues and with spacecraft 
operational navigation and guidance subsystem 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Prototype optical, electronic, ami! 
mechanical navigation sensors and ancilloiy equipment Computers 
ro> orders, and display units 

CREW. Navigation instrumentation Specialist skilled in setting up and 
evaluating prototyt c system configurations May serve as test subnet in 
Roooarcb Cluster 1 EE 4 

DATA, Analog to digital conversion lor navigation computer opera ions 
Magnetic tape and printer outputs with appropriate displays 

? P f« R 4 AT ,'° N8 ' S ° m# oW “ onl wnsitivo Low acceleration levels 

l- 10 g> and precision stability and pointing controls required 

RESEARCH SEQUENCING. May require coordination with ground 
calibration sites or other space vehicles. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. High precision 
autonomous navigation sensors 

b NS E ?' RCH C0MIM0I ' ,AUT,ES - •'h'O'POratos activities under 1 EE 4 and 


RESEARCH CLUSTER 5-NS 4 - AIR-TRAFFIC SURVEILLANCE SYSTEMS 


ABSTRACT 


OBJECTIVES. Develop new techniques leading to global an 
tiatlic surveillance employing Earth oibitmg satellites O.ialdy 
reliable multiple accessing and encoding systems involving accurate 
locution techniques aitii low power random accessing 

BACKGROUND. Spacehome an surveillance Systems ottei the 
advantage of unlimited or selective global coverage in providing data 
to control dense air tiathr, particularly over oceanic routes 
Commercial air trallu (low limited at present by Ibgiq safety 
considerations lor lateral separation between aircraft 


RESEARCH DESCRIPTION, Operate ttanspondei i quipped an 
Halt m system simulation with ground control station and orbdm t 

mu lude^leployeil sulisatellitesl Determine location 

and separation anuianes. lesponse time, sensitivity :hi es'iolds. and 
satin alien levels of various modulahon mil multiple .messing 
schemes, as fum non ol frequency iVHf through l B.mdl. band 
width. Powei output, coding, and tialfu density fin v„. urns equip 
menl i onf igui alions Mondoiing and sniveillame liy iwr impaling 
air trail. i control ground station 


CONSIDERATIONS FOR IMPLEMENTATION 
SPACE FACILITY RESOURCES. Modulai transponders at VHF UHF 
ami t. Band Antennas, duplexers. receivers, frequency translators bans 
flutter*, and recorder** 


CREW. Communications specialists to set up. adfust, and operate 
transceiver relay equipment and to coordinate testing 

DATA, Primary data mode is magnetic tape (or system and component 
pei for mance evaluation Posibon data telemetered to ground ATC station 
Target utiilate every t to i minute* 

OPERATIONS Coordinate (light plan with aircraft ml ATC station May 
deploy and lonttol relay suhsatellite from orbiting spacecraft 

RESEARCH SEQUENCING Based on availability of system paiti. giants 
» ostflight cl.it *i analysis at ground processing center 


SUPPORTING TECHNOLOGY DEVELOPMENTS. 

Data processing software 


Sub&atclhte design 


RESEARCH COMMONALITIES. Inputs bom b P ( ) senes and & NS 1 


4 





ABSTRACT 

OBJECTIVES. Demonstrate practical system employing space 
transmissions of tima-rafarance signals for collision avoidance^ in 
general aviation (commercial, private, and military), 

Synchronization of aircraft movements to a 
satellite providing wide areal coverage could alleviate threat of 

' °Uf' Requira ' corn P 60 Mtlon for diurnal and seasonal 
variations In radio propagation phenomena. 

RESE/XRCn DESCRIPTION. Test common timing signal modulat- 

ZllZ ? , V F . ,hrouflh X ’ band ,re d ucn cies. Compa , rive 
tests Include signal quality, drift rate, synchronization err- and 

fa se olarm rate for various path geometries. Satellite clock trans- 
mitter accurate to one part in 10" or 10". Ground or airborne 
receivers record and demodulate satellite clock signals from differ- 
ent carriers to evaluate precision of timing synchronization. Space- 
craft equipment essentially automatic. Low orbit for early testing 
broad am *° “ VnChr0n0US al,i,ude ,or ,inal acceptance testing over' 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. RF transmitters in VHP through 
X-band, clock-reference cesium beam oscillator, frequency synthesizer 
encoder, modulators, antennas, and associated equipment. 

CREW. Communications specialist, to configure and monitor automated 
equipment end coordinate with ground traffic-control centers. 

, M ‘ nlmum “"board spacecraft; equipment status monitoring. 
Principal data recording at ground sites or in test aircraft. 

OPERATIONS. Continuous transmission over test areas. Receiver correlo- 
tlon reference and timing disploy In advanced system tests. 

nrn S n^ RCH SEQUENC,NQ - Timing depends on coordination with 
ground or airborne test locations, spacecraft orbit parameters and 
environmental conditions. K ^ anp 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Precision clock test 
transmitter. Modest-cost user receiver equipment. 

RESEARCH COMMONALITIES. Propagation data useful to B-P-( ) series. 


RESEARCH CLUSTER 5-NS 
ABSTRACT 

OBJECTIVES. Provldo design performanc dato on detection and 

fnr 0 .Bn 0t h 1 " 80,01,1,6 of em ergancy location transmitters (ELT) 

for soarch and rescue operations. 

BACKGROUND. Various search and rescue satellite concoDts 
mZun r-T inClUde se,ec,ion ° f Proper frequency, deter- 
tnrhni n ° J 0ca, 0n me *hods, and selection of suitable modulation 
technique. Evaluation of candidate systems includes compliance 
with existing FAA standards for ELT position location 

,o E H^n CH DES f C ? IPT,0N - Simu,8,e d^^ess situations leading 
l.! r 6 , p reliable - , 0 W -P°wered emergency beacon 
transmitters and soarch-and-rescuo (SAR) satellite system. Space- 

data e en« m c° n f n,S *? r0C0i ' /0 8nd r0,8V Doppler si 8 nals *° ground 
data center. Evaluate frequency and phase stability, noise character- 

mam Z 0nd °‘ her ,adin0 in ,ow slgnal-to-noise environ- 
™ n ! '■ 8Pd o,h0r SV8,0m ,ests a8 functions of beacon output power, 
Z d r° n 3nd C ° d n0, 8nd ° rbi,al P ar 0 rT,B, 0 rs. Determine signal- 
dat ® C,i f n ran0 ° and '“cation prediction capabilities of candidate 
systems under various meteorological and geographic conditions 


6-SEARCH AND RESCUE SYSTEMS 

CONSIDERATIONS FOR IMPLEMENTATION 
met?^fnn!? ( ' UTV R6S0URCES - RF b~con transponder and interfere 
^ergoncyTrequendes " 9 eqUiPment ° Per0,,n9 01 121B ‘ ° nd 243 0 MHz 

» * « - ”»»»» -*»»>• « 

DATA. Primary data mode magnetic tope recording Stored data 
Simulated P ° Si,i ° n ' and ,lmln0 ,o| emot 0 red to ground computation site’ 
o“spacTcra?, BnCV eaC ° n S ' BnalS ,r ° nSr " i,,0d everv 2 mipp,0s ,p 

lnltia ' SyS,0m ,BS,ln0 requires ELT s ' 9 nal conditioning and 
ous orblt° CeSS ” 9 ° ard spacocraft - Final system operation at synchros 

a^oofratfofofdma'ru^ ReSP ° nSiVe *° 8vai,8b,a 0 —d SAR sites 
de U tector T ' NG TECHN0L0GY DEVELOPMENTS. Design of ELT signal 
RESEARCH COMMONALITIES. Characterization of noise and propana- 
slries P ° nOmen0 " VHF bBnd US ° ful ,0 t0St8 ' ro,orence 6-N-( ) and 5-P-( ) 
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EARTH OBSERVATIONS 


RESEARCH CLUSTER G EM-PHOTOGRAPHIC COVERAGE OF THE EARTH 


ABSTRACT 

OBJECTIVES. Generate and update, for worldwide dissomtnation, 
geotuctomc maps of tho Earth's surface with precision of 
BOO meters or better. 

BACKGROUND, larue geographic regions of (ho Earth have never 
been mapped svi'mitically to a scale of 1 1,000,000 or bottei 
Limited experience from manned missions has demonstrated tho 
value of low to inedium resolu"on space photogiaphy to ho compi 
lotion of geotectonic and geomorphological maps Such maps are 
required of high latitude regions and in developing areas or tho 
world. The synoptic coverage obtained from space can be a valuable 
tool for global mapping 

RESEARCH DESCRIPTION. Selectively photograph tho Earth’s 
surface over cloud free areas, using film filter combinations that are 
opt i mi red to geographical location and atmospheric conditions. 
Initial trails will establish thuso optimal film filter combinations 
Maintain Knowledge of spacecraft, ephomons, altitude, and attitude, 
to locate subsatelhte point to within BOO meters to achieve precise 
location of geological featuies. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Metric and multispoctral cameras 
equipped with changeable lenses, filters, and film magazines Proclse 
camera alignment and space platform attitude must bo measured to 
cohbrate and register the Imagery. 

CREW. Engineering and hydrology skills Training required in camera 
setup and operation, adjustments and calibration, minor maintenance 
functions, and ground coordination activities. 

DATA. Raw data on photographic film, and magnetic tape records of 
uphomeris data; observation period 1 year, 

OPERATIONS. Spacecraft stable platforms required to orient sensors in 
local vortical mode Polar mbits required for full global coverage No 
effluent releases during measurements. 

RESEARCH SEQUENCING. Not critical, excupt as affected by cloud 
coverage 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Impioved photo 
graphic sonsors, onboard film storage, ground data processing cooler. 

RESEARCH COMMONALITIES. Complementary to 6 G/C 1. 


RESEARCH CLUSTER 6 EP-2-IDENTIFICATION OF VOLCANIC ACTIVITY 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Gather volcanic data from remote satellite sensors 
to ostabHh periodicity, correlate activity with local seismic data, 
and roll to volcanism to tho movement of crustal plates and 
seismic!' y on o global scale. Determine whether submarine volcanic 
eruptions that disturb surface waters can be detector! 

BACKGROUND Thermal infrared sensing techniques have been 
proven in detecting the Surtsey volcano m Iceland Submarine 
volcanism is presently largely unobserved and presents potential 
severe hazards to life and property In cases of catastrophic volcanic 
events, high resolution real time imagery is desired on a daily basis 
over tho effected area. 

RESEARCH DESCRIPTION. Using thermal infrared imagery in 
the 10 2 to 12 6 micron range, survoy and map known areas of 
volcanism, and monitor oceanic regions of possil. ■ new activity. 
Close coordination between ground and space monitoring of 
geological dynamics is essential. Geometric precisio V to 5 parts in 
10' 1 , temperature resolution, il' Kelvin. 


SPACE FACILITY RESOURCES. Principal instruments are metric 
camera, multispoctral camera, radar imager, microwave radiometer, and 
multispoctral scanner with cryogenic cooling of infrared heads. 

CREW. Engineering and guology technicians, to sot up sonsors, load 
cameras, acquire desired ground track, and coordinate target selection and 
recording. 

DATA. Primarily film (color, false color infrared, and black and whito) 
and tape. Also multiplexed data from electronic scunners, 81 channels and 
up to 2 4 Mbps/channol. 

OPERATIONS. Global mapping requires high-inclination orbits Target 
overflights at least onco each quarter. Spacecraft ephemeris correlated to 
ground meteorological conddions during data run 

RESEARCH SEQUENCING. Early daylight recording requires 30 degree 
solar elevation anglo to permit optimum mliarod imagery and microwave 
radiomotiy in conjunction with photography Cloud cover over target 
areas: * 20 percent. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved instruments 
such as 10-band multispoctral scanner, and signature analysis techniques. 
RESEARCH COMMONALITIES. Data and instrumentation requirements 
similar to those of 6-G 4. 
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CROP INVENTORY AND LAND USE 

CONSIDERATIONS FOR IMPLEMENTATION 


RESEARCH CLUSTER 6-A/F1- 
ABSTRACT 

OBJECTIVES. Construct thematic tint! land use irrupts from space- 
gathered data showing cultivated and natural forested areas, idonti 
lying nraior crop, forest, and range types. Obtain information on 
distribution ol cultivated, forested, and ranged lands Information 
needed to manage programs effectively to improve soils and forest 
stands and to protect watersheds. Muke investigations to determine 
whether spacecraft cun provide better data at less expense than 
other methods 

BACKGROUND. U S Department ol Agriculture annually surveys 
200 million acres, using aircraft Repeat photography is required 
every b years Apollo 9 photographs supported by aircraft flights 
demonstrated the value of space acquired data. 

RESEARCH DESCRIPTION. Moke initial measurements, using 
multispectial sensois. over agricultural truth sites in cooperation 
with investigators on the ground Use replication of previous ground 
and aircraft experiments to verify signatuies and measurement 
techniques. 


SPACE FACILITY RESOURCES. Multispoctral-multisonsor installation 
with ability to select and modify film-filter combinations, data channels, 
and instrumentation configuration. Cryogcnically cooled sensors involved. 

CREW. Engineering and forestry and agriculture skills, for sensor sotup 
and operation, adjustment, maintenance, and calibration. Voice annotation 
to supplement sensor data. 

DATA. Film and magnetic tape records of sensors returned for postflight 
analysis. Sensors operate 30 to DO Minutes per oiblt during 8 to 10 orbits 
per week. 

OPERATIONS. Sensor turgot geometry and temporal relationships critical 
and sensitive to mission dosign Preferred orbit Inclination: IMS degrees 

RESEARCH SEQUENCING. Late spring and early summer observations 
coordinated with ground truth site data. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved ground 
resolution of cumoras and multispoctrul scanners Advanced signature 
unalysis techniques. 


RESEARCH COMMONALITIES. Instrumentation similar to that of 
C-A/F-3. 

RESEARCH CLUSTER GA/F-2-SOIL TYPE MAPPING 


ABSTRACT 

OBJECTIVES. Determine, from space gathered dutn, recognition 
criiona for soil types, moisture content, salt content, organic 
composition, friability, insect population, and microorganisms 
present in typical soil classes. This research loads to preparation of 
current mops of soil type and quality. 

BACKGROUND. Soil Conservation Service of U S Department of 
Agriculture hus continuing progrum of soil classification and 
mapping, using held observations and a limited amount of aerial 
photography. In a progiam of 1 ystomatic and aggress*. re research, 
the full utilization of space platrorm lemote sensing ,| the timely 
application of these techniques will support solutions to mujor 
agricultural and forestiy problems. 

RESEARCH DESCRIPTION. Conduct multispectrul imagery and 
photography in conjunction with in situ measurements over known 
agriculture teseuich farms. Verify space measurement tuchniqnus by 
replication of previous ground- and aircraft -obtained signatures. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Multispectral-multisensor installation 
with ability to select and modify film filter combinations, data channels, 
and instrumentation configuration, Cryoijunically cooled sensors 

CREW. Engineering and forestry skills, for sensor sotup and operation, 
adjustment, maintenance, and calibration. 

DATA. Film and magnetic tupo records of sensors to bo returned for 
postflight analysis Precisely coordinated ground truth data required during 
initial phases of the experiment program. 

OPERATIONS. Sensor target qeomotry and temporal relationships ci meal 
and sensitive to mission design. Profaned orbit inclination: DO degrees 

RESEARCH SEQUENCING. Late spring and early summer observations 
coordinated with ground truth site data. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Development of 
cameras, scunners, and spectrometers with improved spatial and spectral 
resolution. 


RESEARCH COMMONALITIES. Instrumentation similar to that of 
6-A/FD. 


RESEARCH CLUSTER I 

ABSTRACT 

OBJECTIVES. Devulop space based meosuiemont techniques that 
can provide data for agricultural community in formulation of maps 
and statistical tables on plant and tree species in principal agricul 
turn) areas. 

BACKGROUND. The Agricultural Stabilization and Conservation 
Servico (ASCS) and the Statistical Reporting Service (SRSI of the 
U S Department of Agriculture currently rely on aerial photographs 
lo identify cultivated crops and major vegetation types on range 
lands. An agricultural census, published every 6 years by the SRS, 
contains information on crop species brokan down by state and 
county. Plans directed toward advancing of automated methods of 
acquiring and analyzing data ruquirud for those reports. 

RESEARCH DESCRIPTION. Conduct multispectral imagery and 
photography in conjunction with in situ measurements over known 
agriculture research farms. Use replication of previous ground and 
aircraft obtained signatures to verify space measurement techniques. 


i-A/F-3— CROP IDENTIFICATION 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Multispoctrul multisensor installation 
with ability to select and modify film filter combinations, data channels, 
and instrumentation configuration Cryogunically cooled sensors. 

CREW, Skills required in sensor setup and operation, adjustment 
maintenance, and calibration 

DATA. Film and magnetic tape records of sensors to bo returned to 
ground. Weokly data replications of truck farm crops during nrowmn 
soason. u 

OPERATIONS. Sensor target geometry and temporal relationships critical 
and sensitive to mission dosign Prefurred orbit inclination: DD degrees 

RL SEARCH SEQUENCING. Late spring and early summer observations 
coordinated with ground truth 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Development of 
camerus, scanners, and spectrometers with improvod spatial and spectral 
resolution 

RESEARCH COMMONALITIES. Instrumentation similar to that of 
6A/F-1. 


RESEARCH CLUSTER GA/F-4-CR0P VIGOR AND YIELD PREDICTION 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Develop spaco sensing techniques for use in prepar- 
ing statistical information on sire, vigor, and oxpected yield of 
crops; and to indicate transient, long-duration stress conditions. 
Also, coordinate data gathered from spaco with historical data 
gathered from conventional sources, such as cropping practices, 
climate, soil typo and fertility, and transportation routos. 

BACKGROUND. Improvod techniques using infrarod films and 
falsa color imagery used to appraise forest infestations. Researchers 
have usod panchromatic, color, infrarod, and color-infrared photo- 
graphy of controlled nursery plots to identify healthy groin and 
gram infected with black-stem rust and other diseases. Photographs 
a* scales os largo as 1600 might be required for accurate estimates 
although useful scales range from 1:2.000 to 1:10,000. 

RESEARCH DESCRIPTION. Restrict initial missions to coverage 
of controlled environment, highly instrumented truth sites. As 
signature-detection techniques ovolve, extend coverago to other 
agricultural areas. 


SPACE FACILITY RESOURCES. Multispcctral-multisensor installation 
with ability to select and modify film-filter combinations, data channels, 
and instrumentation configuration. Cryogonically cooled censors. 

CREW. Skills required in sensor setup and operation, adjustment, 
maintenance, and calibration. 

DATA. Film and magnetic tapo records of sensors to be returned to Earth 
for postflight analysis. 

OPERATIONS. Sonsor-targot goomotry and temporal relationships criticol 
and sensitive to mission design. Proforrod orbit inclination: 66 degrees 

RESEARCH SEQUENCING. Late spring and oarly summer observations 
coordinated with ground truth. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved ground 
resolution of cameras and multispoctral scanners. 

RESEARCH COMMONALITIES. Instrumentation similar to that of 
G-A/F-3. 


RESEARCH CLUSTER G-A/F -5-WI LDFI RE DETECTION AND MAPPING 


ABSTRACT 

OBJECTIVES. Develop space based techniques for monitoring and 
detection of incipient and active wild fires in forest, rango, and wild 
lands. Remotely determine flammability index or dryness of forest 
and range. 

BACKGROUND. Current annual cost of foiest fire detection is 
about $10-millieii, and value of timber annually lost is about 
$20-million. Annual cost of fire control is estimated at about 
$100-millton. Lookout towars and low-altitude aircraft are 
restricted in their effectiveness by smoke and darkness. Reaction 
timo, coupled with need for real-timo data, suggests an important 
role for spacecraft monitoring techniques. 

RESEARCH DESCRIPTION. Compare relative effectiveness of 
space satellite altitudes versus low altitudes for fire detection and 
speod of doto processing Concurrently, evaluate feasibility of 
extending present fire and lightning surveillunce techniques to spaco. 
Perform remote detection of smoldering fires in controlled environ- 
ment of truth sites. Interrogate in situ sensors, using collection 
systom, to measure surface conditions. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Varioty of multispectral scanning, 
camera, spoctromotor, radiometer, and data-procossing equipment with 
onboard photographic processing capability. 

CREW. Engineering and forestry skills, to proparo sensors, oporato 
tracking teloscopo, select targets of opportunity, and coordinate with 
ground stations. 

DATA. Primarily film strip maps during search mode, converting to voice 
and vidicon transmissions after fire sighting. 

OPERATIONS. Near-roal-timo row data transmitted to ground control 
sites; includes spacecraft position, target location, and weather status. Sun 
angle greater than 30 degrees for visual monitoring, 

RESEARCH SEQUENCING. Nonscheduled data runs of approximately 
10 minutes over truth sites and detected ground targets. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved sensor 
designs and techniques for onboard film developing and processing. 

RESEARCH COMMONALITIES. Similar sensor requirements for 6-A/F-2. 


RESEARCH CLUSTER 6-G/C-1-PHOTOGRAPHIC AND MULTISENSOR MAPPING 
ABSTRACT 


OBJECTIVES. Provide accuiate geometric description of entire 
Earth surface, using photogrammotric techniques from space. Deter- 
mine optimum frequency of observations for both photogrophic and 
multisensor mapping to acquire cartographic data. 

BACKGROUND. All manned space programs have included experi- 
ments relevant to geography and cartography. Apollo 9 experiment 
S-65 proved feasibility of using vertical space photographs as basis 
for standard 1:250,000 topographic maps. However, Earth has boon 
only sparsely photographed from space under cloud-free conditions. 
RESEARCH DESCRIPTION. Using three basic instruments 
(metric camera, multispectral camera, 10-band multispectral 
scanner) observe Earth under favorable conditions of cloud covor, 
sun angle, and season. Use selected test sites, such as area between 
Saltan Sea (in southern California) and Pacific coastline, which 
contains many significant geographic and geologic features, to pro- 
vide meaningful calibration and photointerpretation scaling for data 
obtainod from spaco in other geographic regions. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Metric camera, multispectral camera, 
10-band multispectral scanner, and onboard photographic film processing 
capability and recorders. 

CREW. Cortogrnphic and engineering skills, to prepare, adjust, operate, 
and maintain equipment, and to record comments on visual observations. 

DATA. Primary data mode is photographic film. Postflight analysis 
conducted at ground data centers. TV and visual scanning of prevailing 
meteorological conditions on magnotic tape. 

OPERATIONS. Observation period approximately 1 year. Geometric 
precision requirements demand calibration and careful handling of camera 
and film. High inclinations for global mapping. 

RESEARCH SEQUENCING. Variable, constrained by surface weather and 
cloud cover. Frequency of observation from once per day to once per year. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard film devel- 
opment in zero-g. Advanced high-rosolution cameras and multispoctral 
scanners. 

RESEARCH COMMONALITIES. Primary instruments named are used in 
majority of research clusters in Earth Observations. 
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RESEARCH CLUSTER 6 G-1- 


ABSTRACT 

OBJECTIVES. Determine performance of space based sensors m 
identify, n 0 rock and soil typos. Establish sigrialuro-recogn.lion 
criteria. Produce Geological plntomap of North and South American 
continents. 

BACKGROUND. Limited experience m application of spaco 
acquired data lit comparison with ground and airborne observations 
Statistical electronic processing may p.ovido second generation of 
analytical data useful to the geological engineer, tho photo- 
grammetnst, or tho economic gcologisi. 

RESEARCH DESCRIPTION. Corro'ate spaco data acquired with 
six instruments (metric camera, multispectral camora, 10 bond 
mullispoctral scanner, infrared radiometer, side looking radar (SLR) 
and microwave radiometer) covering same geographic regions os data 
acquired on the ground. Compare imagery from vortical looking 
metric camera and mullispoctral camera with that obtained from 
oblique looking radar. Coordinate with ground truth measurements. 


ROCK AND SOIL TYPE IDENTIFICATION 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Motrlc camcro, multiband multispectral 
camera, IR imogory and spoctromotry, microwave radlomotry, sido looking 
radar imager. u 

CREW. Geologic and engineering skills, to perform equlpmom checkout; 
o use optical scon for selecting, pointing, and tracking to torgots; and to 
adjust or modify flight plan 

DATA. Film and magnetic tapo recording, with digital printouts of orbital 
parameters during data runs. 

OPERATIONS. Ropoatnblo ground tracks every 10 to 20 days. Overflights 
of ground truth sites required to establish spectrol characteristics of rocks 
and soils. Orbit inclinations to 73 degrees. 

RESEARCH SEQUENCING. Coordination of duplicate instrumentation 
aircraft overflights during ground truth calibrations. 

am 1 lv P rU R , T 'h Q TEGHN0L0GY DEVELOPMENTS. Advanced spectral 
analysis techniques, improved sensors. 

RESEARCH COMMONALITIES. Similar instrumentation In othor Earth 
Observations research clusters. 


ABSTRACT 

°°fr‘ T,VES D0U T m "’ U '°‘ ,slb " l, V o' obtaining remote-sens mg 
data from space to idontify subsurface and landfill storage s.tes and 
to solve probloms of underground waste disposal and dangerous- 
commodity storage and conditioning. 

BACKGROUND. Contamination from chemical, biological or 
rac inactive waste is an increasingly serious problem. Efforts are 
being made to contain waste materials, yet accidents are common 
and annually cause millions of dollars m damage. Some natural 
subsurface waste storage sites hove been identified in the U S but 
worldwide knowledge i; largely lacking. 

RESEARCH DESCRIPTION. Demonstrate feasibility of remote 
sensing techniques. Use space acquired storoophotography 
supported by data obtained by side looking radar to ponotrote 
vegetation and cloud cover, to define regional topography. Identify 
typos of overburden from analysis of multispectral photographic 
t termal infrared, and microwave radioinotric data. Overflights of 
known truth sites are of particular importance, 


’ Ml U WflUO I 

CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Metric camera, multispectrol camera, 
mullispoctral scannor, microwave scanner, side-looking radar, and IR 
spoctromoter with appropriate recording devices and onboard film 
processing. 

CREW. Geology and engineering skills, to set up and operate equipment 
to make visual observations, to obtain calibration of ground-truth data and 
to perform analysis. 

DATA. Film and magnotlc tapo recordings, supplemented by video 
recorders. F 

OPERATIONS, Truth-site overflights coordinated with instrumented 
aircraft Sun angle of up to 30 degroos for IR imagery and spectrometry 
nominal 30 degroos for photography. Target location accuracy: 0.5 nmi. 

RESEARCH SEQUENCING. Variable, based on cloud cover of 20 percent 
or less, boasonal overflights between late spring and fall. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard preparation 
of stereophotographs. Improved resolution capabilities of sensors. 

RCH COMMONALITIES. Similar to principal instrumentation in 
other Earth Observations rosoarch clusters 


ABSTRACT 

OBJECTIVES. Develop space based surveillance and warning tech- 
niques, capable of identifying symptoms of a destructive geological 
event and relaying these data to affected area, to mm.m.ze loss of 
life and destruction of property. 

BACKGROUND. History records many longterm and short •erm 
natural disasters. 1 1 is possible to (t) predict hazards with difficulty 
(2) detect hazards with ease, and (31 m some cases disclose an 
impending danger, dopendmg on the nature of the disostor. Orbiting 
spacecraft can add a new synoptic dimension to those throe 
functions. 

RESEARCH DESCRIPTION. Detect thermal anomalies ond sur 
face temperature patterns of volcanic activity. Obtain synoptic 
imagery of sand-dune movement, storm sources, tsunami occur 
rences, snow melt patterns, geological fracture patterns, and other 
geophysical phenomena. Collect seismic sensing data from surface- 
based detectors placed along ma|or fracture systems, and record 
high-resolution photoimaging of natural disasters tor near real time 
damage assessment. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Metric camora, multispectral camera 

Z TV C „h . SC ° nn0r (10 : 2 '° 12 6 micr0ns >' m ' cr °wavo radar and radiom-' 
ear, TV photoimagor, and data-collection system with recorders. 

CREW. Geology and engineering skills, to prepare equipment monitor 

oVdota°™ tar9Bt dlSP '“ V ° r COmpu,er ou, P ut < and perform initial analysis 

DATA. Primarily photographic, including video imagery on film. Data 
collection on magnetic tape, with computer printout. 

OPERATIONS. Spacecraft ephemeris correlated to data runs over tarnot 

infrared tmn r °" 0in9 d ° sireti Thir, V d °9™ nominal sun angle for 

infrnrLd imagery and microwave radlomotry. 

RESEARCH SEQUENCING. Adaptive, based on natural phenomena 

timo Z w° n r 0n ? 9 ° n T° mhlv schBdule - Catastrophic events in near- real- 
time for disaster alert and warning 

s S ensZ R n T 7 G ™l t ; HN0L0GV DEVELOPMENTS. Higher-rosoluhon data 
sensors. Onboard film processing. 

Fn E rd EA n f ! CH COMMONALITIES. Principal instruments similar to other 
EaMh Observations research clusters. Flood-warning data applicable to 
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RESEARCH CLUSTER 6-G-4-UTILIZATION OF GEOTHERMAL ENERGY SOURCES 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Determine how remote space sensors might Identify 
Geothermal power sources and develop signaturo'recognition criteria 
for oeothermal potential. Better understanding of heat flow and a 
Global Inventory are required as products of this research. 
BACKGROUND. Improssivo litcraturo oxists on Geothermal power 
sites in Now Zealand, Kamchatka, California, Italy, and Iceland. 
Invostioators have suggested the role of romoto sensors In defining 
extensions to original sources and in Identifying now sites. As 
onQincorlng progresses in economies of tapping geothermal sources, 
the quest for now sites will incroaso. 

RESEARCH DESCRIPTION. Using thormal infrared and micro- 
wavo radiometers, locato sources of geothormol anomalies. Precise 
scheduling of observations is of particular importance, bocauso 
subsurface hydrothermal values may be different at night than 
during day. Synoptic day-to-night sensing before and after rainfall, 
boforo and after spring thaw, and before and after winter snowfall, 
to provido useful data on local heat flux. 


SPACE FACILITY RESOURCES. Metric camera, multispcctrol camora, 
multispcctrol scanner (thermal infrared), microwave radiomoter, side- 
looking radar, and associated data recording and processing equipment. 

CREW. Geology and engineering skills, for preparation of sensors, 
selection of target areas, monitoring of equipment operation, and 
comparisons of outputs. 

DATA. Primary data mode is film (color, false-color infrared, and black 
and white), with magnetic tope and computer printouts. 

OPERATIONS. Nominal 30-dcgrco sun anglo for infrared sensors. Global 
coverage requires high-inclination orbits. Selected geothermal truth sites 
requiro comparative geophysical data for correlation control. 

RESEARCH SEQUENCING. Not critical. Seasonal observations, once per 
quarter per bite, taken ovot l-yosr period. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard film process- 
ing in zero-g. Improved resolution of sonsors. 

RESEARCH COMMONALITIES. Similar instrumentation to other Earth 
Observations rosearch clustors. 


RESEARCH CLUSTER 6-G -5-MINERAL AND OIL DEPOSIT DISCOVERY 
ABSTRACT 


OBJECTIVES. Develop spaco sensing techniques to discriminate 
among major classos of mineral and oil doposits, including oros, 
saline building materials, and fossil fuels. Discrimination capabil- 
ities to include determination of site, grade of tho deposit (whore 
applicable), spatial configuration, and goological control. 
BACKGROUND. Photographs by hand-hold cameras from space, 
using conventional color films over geologically random points, hove 
proven tr, bo highly significant to oil and ore companies throughout 
tho world. Literature in field of remoto sonslng highlights scaling 
advantages that can be gained from spaco in tho search for economic 
minoral deposits. 

RESEARCH DESCRIPTION. Initially, torgot camoros on oroos 
covering known major metallderrous and potroloum deposits of tho 
world for storeoscopic topographic analysis. Use spoctrol and 
thormal doto obtained from multispectral .canner, supported by 
topographic radar data, to identify potentially valuable deposits. 
Assess optimum scaling selection and rosponse of romoted instru 
monts, using ground bosed control targets. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Multisonsor, multispectral devices 
(microwave, vlaiblo, UV, and IR bonds) for high-rosolutlon spectral imaging 
and scanning, radiomotry, and photography. 

CREW. Goologlst and engineering skills, to perform target selection, cot up 
and oporato romoto sonsors, and coordinate ground control surveys 

DATA. Film and magnetic tupo. Onboard computor-controllod paramotors 
with ground-aided computation backup. Volco annotation of torgot 
geologic features. 

OPERATIONS. High-inclination orbit. Sun anglo botwoon 15 and 
60 degrees for sensor evaluation. Laser ranging accuracy desired for storco 
aerotriongulotlon of control targets. 

RESEARCH SEQUENCING. Spacecraft truth-site overflights concurrent 
with instrumontod aircraft Repoated observation of targets each quarter. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Refinement of spec- 
tral signature techniques. Onboard photographic processing in zero-g. 

RESEARCH COMMONALITIES. Similar instrumentation in6-G-1. 


RESEARCH CLUSTER 6-G-6-IDENTIF1CATION OF LAND FORMS AND STRUCTURAL FORMS 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Develop capability to analyze land forms by romoto 
sensing techniques, primarily space photography. Identify spectral 
signatures of various types of rocks, soils, and vegetation. 
BACKGROUND. Numerous aircraft flights at Purdue University 
have produced spectral signatures of soil in tho 0.4- to 1 1-micron 
range. Use of thermal infrared and microwave radiometry offers 
idditional techniques for soil classification and determination of 
moisture contont. Optical imago processing permits quantitative 
analysis of terrestrial stratigraphic foaturos. 

RESEARCH DESCRIPTION. Observe and photograph various land 
forms in North and South American continents, using metric 
camora, multispectral camora, 10-band multispoctral scanner, 
infrared radiometer, side-looking radar, and microwave radiometer. 
Establish optimum conditions for stereoscopic analysis of topo- 
graphy structure and geologic formations. Obtain and compare 
thormal and spectral radiance of rock ond soil types with similar 
data (including controlled calibration sites) recorded from aircraft. 


SPACE FACILITY RESOURCES. Motric camora, multiband multispectral 
camora, infrared imagery and spoctrometry, microwavo radiomotry, ond 
side-looking radar imager. 

CREW. Geologic and engineering ..kills, to chock out oquipmont; to use 
optical scan for selecting, pointing ond trucking to target?; and to adjust or 
modify flight plan. 

DATA. Film ond magnetic tape recording, with digitol printouts of orbital 
paromotors during data runs. 

OPERATIONS. Observations to bo mode quarterly. Overflights of ground 
truth sites to establish spootral characteristics of rock ond soil typos. Orbit 
inclinations up to polar required. 

RESEARCH SEQUENCING. Coordination of duplicate instrumentation 
aircraft overflights during ground truth calibrations. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Advanced spectral 
analysis techniques. Improved sonsors. 

RESEARCH COMMONALITIES. Similar Instrumentation in other Earth 
Observations research clusters, principally 6-G-1 
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RES “r TB r TER °' H '’- DETEflMI “ T *0N OF POLLUTION IN WATER RESOURCES* 


abstract 

iss=s= 

,^HHSrc 


RESEARCH CLUSTER 6 H-2-FLOOD 
ABSTRACT 

OBJECTIVES. Determine efloclivoness of high-resolution multi 
Wctral imaging sensors in orbit in providing global surveillance 

and flnoH 0 " T 10 ar001 d,s,r,bu,ion of snow cover, precipitation 
aid flood water oxtont. Establish synoptic imagory tochniuuos for 

zrirr svs,om 

mformabon °" d COmmunica ' i °"» °< food warning 

^nic^TPT 0 ' N ° Ud , f ° r r ° Pk! Svnop,lc collection of hydro- 
H ®‘ 0 da,a ,or UB0 ln ,lood forecasting and warning is urgent To l 
s,mni„ ,6 | S ar0 I l " n " ed ,0 fo'ativoly low-resolution TV imagery to I 
supplement data from numerous surface gages. Expandmq sensinn 

of dZ ob ta!ned°" Wi " °" Br bB " B '" S b °* h and value j 

™f„? E . ARC ? OESCR ' p TIOIM. Conduct and evaluate high ’ 
resolution photography and near-real-time high-resolution TV °of ® 
surface floodwotor, Provide supplemental data and su3r, for on o 
I weather capability, using imagery from side-looking r^dar and a " 
microwave radiometer. Tost spacoborne date-colloction system of F 
surface-based hydrologic sensors V 0 £ 


CONSIDERATIONS FOR IMPLEMENTATION 
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3 WARNING AND DAMAGE ASSESSMENT 

CONSIDERATIONS FOR IMPLEMENTATION 

CREW. Hydrology and engineering skills to chock n„. „„ 

moos por,orm " quick - ,o ° v “ aarss 

opeS£‘™“ A|S0 ' TV SC;,nnin ° 

processing corner in near-real-time smittcd 1 Qround 

Observations reMwd^^usterl,' nwin^'c-Hd Z , orios OI ' ,a, '° n ° ,h ° r Edr "’ 


RESEARC a“ st L ract ER 6 H - 3 - SVNOPT,c '^ventory of majSTlakes and reseat 


ABSTRACT 

Lrstrizssirr oi ™ 

BACKGROUND. Only gross data exist on geographical location 
and areal extent of world's major lakes and reservoirs In a cooneTa 
live international program under sponsorship of UNESCO temporal 

wide?',' | ; ' ,a ,r ° Sh W3,er rU — ' s ' on a regional and 3d 
w de scale, have boon costly and time-consuming to obtain Space 

mvemor'y.' 15 ° r ° P ' d a ' ,d ° C °" 0mic method for obtaining tins 

RESEARCH DESCRIPTION. Test feasibility of surveying and 
inventorying areal extent and shape of major lakes and reservoirs 
mployn.g black-and-white metric photography from space Provide 
secondary data on topographical foaturos and nature of surroundinn 
vegetation from infrared and radar imagery and 

0b,a ' n add !" 0nal h V drol °9‘c data from ground-emplaced 
sensors, using a spacoborne data-collection system. 


CONSIDERATIONS FOR IMPLEMENTATION 
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abstract* cluster 6 H4 -synoptic inventory of snow and ice 


ABSTRACT w nvvervi IUHY Oh SNOW AND ICE 

OBJECTIVFr f .1 CONSIDERATIONS FOR IMPLEMENTATION 

.W for «btam,,71L7om t£a« on c ‘ ,,ne,a '"»'«'«< Ktmnw. micro 

***** ‘" ,d 6U " JW recording and display devices d0, ‘’ r °"° C " on BV ° U!m w,,h 

BACKGROUND Physical undmtand.ng of flu, dynamic character JSn,™?,"; 1 ^Omwnng ..kills prepare et)U)pmon( obwrvB 

J cti o Earth » hydrologic cycle require# knowledge of ih© contri * ° e. und monitor opor.it ions and data display 


temperature measurements of the s.mio areas 6U " JW ~'»0 and display devices """ 

r^^tsstsassress ^ 
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rom Uemm. and Apollo spacecraft and from ESSA satellite,, woathoi (cloud •»«”" ’ V 'T'£' r "‘ ,,o 0 -apny limited for clear 

RESEARCH DESCRIPTION. Using high resolution black and microwave temperatures^ of mfiared 

vvhi.e and color photography, obtain synoptic inventories of °» hvd.olo 0 ,c data Ovorfhgfm of surface sensors for collection 

ff 1 S E df. CH SE ° U ^ C ' NG - observations except during spring 

nu S , EA ! ,CH COMMONALITIES. Similar instrumentation ,n other E irth 

— — Otiservanons research clusters. mainly OHM series & 


... * ' Mut.ruw.ivt* rauiomotry for temneraturn 

ZZZToin' Ti J, ! d U ’° J " d ,0r the., densities 

and depths Obtain hydrologic parameters from surface sensors for 

correlation and comparison analysis 
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RESEARCIH c^teRoh, so, MO.STURE SURVEY IN SELECTED areaI^^^^ 
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Kl h V d,ol °av Moisture content affects plant vigor, salt content OPERATiniuc m 
compaction, and stability F ro/en moisture „, the arc, ic sod (pern, a’ mum ^ Le^ “«•'*“ »«r global mappmg M„„ 

ost) presents difficult construction engineering problems. photography CoriniaMn'n 7° n '" K ZZ C ° Ve ' b ° ,OW 20 Percent for 

RESEARCH DESCRIPTION. Assess whether ,u Comparative truth site cal, b, a, ion overflights 


. *•**“■'" «*•*»*«**» Ml Vtiriiltiun of soil 

Sturt and temperature dan ate important to both agriculture 
and hydrology Moisture content affects plant vigor, salt content 
compaction, and stability Frozen moisture in the arctic soil (perma 
rost) presents difficult construction engineering problems. 


RESEARCH DESCRIPTION f orography Comparative trutfi site calibiation overflights 

»""*«« * 2-*«* .««« 


— « •» f.iiviiivt own lyin' dll Li lexiuro 

anas of water infiltration, vegetation patterns, standing water and 
|)i i m, if rost conditions can be determined using high resolution 
Photography Use thermal mfiaied imagery and microwave , ad, om 
Cl y to Obtain temperature dist, , but, on. and evaluate tins technique 
ior acquiring soil moisture signatures 


. . . iv.muu,, diuas survey (KJ at 2 week mtiu 

vals, spring thaw flooding surveyed within 1 week 

SUPPORTING TECHNOLOGY DEVELOPMENTS . 
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RESE,RCH CLU ZZ ^ t H ' 6 - location ' ^mdercrouno wTtIr sources , n seleTt^^T 


ABSTRACT -wwnwco HV DELCUtu AREA 

OBIKT.ves, e U , M fac ““'° E ""'°" S F0 " "“CEMENTATION 

, . 1 "Nn ,r ¥ m 0 („„„ tl'«dist...BuAh.nu spjn.il, ,,,f ,, , T " RESOURCES. Mem,- CJ.l.ofas. ...ulpspesl.jl 

temporal cha.aclerist.es that relate to locating underground water ’ ‘ ,nd Photoroducbon and interpretation equipment 

resources prbim ... 
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techniques, underground sources o< water can be detected by ,dt "’ , " ,eu,lon " 
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ESEARCH DESCRIPTION Using the thermal infrared bainl of SEQUENC,NG ' Responsive to interim analysis and idontifi 

i multn.pectr.il scanner, obtain images of temperature disconl in . “ ,>uU,n,l ‘' 1 Successive overflights of target area not to 

s . ,d ‘.’ n " V ," 10 ‘' ri!,,s of 0 ,ou,ld vv ' ,u '< discharge into rivers and 1 2 lnU>,v ‘ lls Li,te S P'"'B -md fall observation penods 

developments. 
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RESEARCH CLUSTER 6 H-7-SURVEY 


OF HYDROLOGIC FEATURES OF MAJOR RIVER BASINS 


ABSTRACT 

OBJECTIVES. Evaluate uso of space platforms to obtain informa 
tion on the topography and hydrolooie features of major river basins 
and ostuarios Provldo data for routing of canal 3 and waterways. 

BACKGROUND. Seasonal survoys of tho major river basins of 
North and South America aro sought to provide information on tho 
development of water resources. Periodic surveys of tho drainage 
c taractoristics aro important In water system managomont, flood 
control, hydroelectric power generation, control of soil orosion 
wildlife protection, and recreation. In somiarid regions where flash' 
Hooding occurs, tho courses of rivors can chango annually. 

RESEARCH DESCRIPTION. Obtain topographic information in 
aroas of high terrain rollof, using wido angle storoomotric photog 
raphy. Infer topography of aroas of low relief from photographic 
interpretation. Uso multispoctral photography for bottom topog 
raphy, plant life, and vegetation analysis Ugo infrared imagery to 
observe thermal patterns of drainage conditions. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Motric camera, multispoctral carnoru 
infrared scannor, and radar imager Computer printouts and photomterpro- 
lotion equipment. Data collection system and displays 

CREW, Hydrology and engineering skills, to sot up and operate equip- 
ment, monitor and interpret data, ond correlate ground sensor inputs 

DATA. Primary data modo is film (block and whito, color, false-color 
infrared) used with filters. Mognotic tape for digital data. 

OPERATIONS. Orbit inclinations up to 08 degroos Minimum 30 dcgreo 
solar anglo for photography Cloud cover of 20 percent or less 

RESEARCH SEQUENCING. Soasonal observations 13 month intervals) 
Surface sensor overflights for hydrologic parameters. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Largo-capacity film 
processing in zero-g 

RESEARCH COMMONALITIES. Supports O H-2, -3, ami -0 


RESEARCH CLUSTER 6-O I-OCEAN POLLUTION IDENTIFICATION AND MEASUREMENT 


ABSTRACT 

OBJECTIVES. Develop effective space based techniques for moni- 
toring effects of pollution on physical, chemical, and biological 
processes of the ocean Incroaso knowledge of iho intoraclion 
between pollution and ocean ocological systoms so that morino 
pollution can bo controlled and reduced 

BACKGROUND. Ocean and fresh water pollution affects health 
osthotics, recreation, fishing, and agriculture. Ocean pollution results 
directly from effluent outfalls, land runoff, harbor and shipping 
activities, dumping, and offshore seeps and spills Marino biological 
phenomena, such as red tides, aro also sources of highly toxic 
materials. 

RESEARCH DESCRIPTION. Tost remoto sensing techniques arvt 
acquire data, such as sen surf aco temperature, reflectance, son color 
and shorollne curronts (using tracer dyes), which are indicative of 
pollutants. Initially, evaluate ocean color imagery by using motric 
and multispoctral cameras Measure soa surface temporaturo using 
infrared scanner and microw.avo radiometer. Select targots from 
surface-instrumented truth sitos. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Motric camera, multispoctral scanners 
absorption spectrometer, ocean-color sensor, micrownvo radiomotor, and 
data collection system with recording and display dovicos 

CREW. Oceanographic and hydrologic skills, to prepare and operate 
stations POr< °' m m,orim “"“'V 6 ' 5 ' ond coordinate with ground data 

DATA. Photographic film and magnotic tape recording Voico annotation 
of ocean glitter, color, and apparent turbidity 

OPERATIONS. Orbit inclinations above 50 degrees to cover selected U S 
targets. Ground truth site overflights of Scnpps Pier. La Jolla, California' 
and Galveston Bay. Texas, required for correlation of surface data. 
Coincident aircraft overflights during calibration. 

RESEARCH SEQUENCING. Daily observations covering 1 your. Time 
inos not critical unloss impending catastrophic pollution ovont is detected 
during tests. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved sensor 
resolution. Synoptic signature onolysis techniques. 

RESEARCH COMMONALITIES. Similar Research in6-H-1. 


CLUSTER ""-SOLAR ENERGY PARTITION AT THE SEA SURFACE 


ABSTRACT 

OBJECTIVES. Determine feasibility and dovolop space-based 
remote sensing techniques to contribute to understanding the naturo 
of partitioning incoming solar energy in tho atmosphere and heating 
at the air-sea interface. Particular requirement for energy absorbed 
by sea-surface layer. 

BACKGROUND. Oceanographers presently estimate energy 
partition by indirect methods, averaging measured values of the 
onorgy parameters. Diagnostic studios roquire data of tho global 
scale air-sea interactions and tomporature change in the oceans 
Real time synoptic-data acquisition may load to mcroased accuracy 
•n long-term weather predictions. 

RESEARCH DESCRIPTION. Measure apparent temperature ond 
not heat flow at tho ocean surface, using dual channel microwave 
radiometer in 8-mm to 3-cm wavelength ranges onboard spacecraft 
during initial tests. Extensive laboratory investigations relative to 
optical properties of water in these wavelengths required, followed 
by aircraft trials as procursors to space activities. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Multispoctral infrared and microwave 
radiomotor radar, ocean-solar sensor, motric camera, and data collection 
system, with recording and display equipment. 

CREW. Hydrology and oceanography skills, to prepare equipment 
monitor operations, and perform Interim data-quality analysis. 

DATA Primary data mode is magnetic tape. Photographs of cloud cover 
aractoristics during data runs. Voico annotation of target area data 
Primary analysis at ground processing center. 

nn I I0NS ' lncllna,ions U P '0 90 degrees Sun angle botwoon 30 

!„n ,h°^ 0re f S A |US,men ' of lni,lal ,liah ' '"Struments to select wave 
length and polarization during tho mission. 

RESEARCH SEQUENCING. Doily observations ovor period of 1 yoor. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Microwave rad.ometer 
for measuring hoat flow 

. R n E 6 S o5 R ) C ser,es OIV,,V,ONAUT ' ES ' =UPP ° r,S ° ,hor °« a "ographic "search 


RESEARCH CLUSTER 6 0-3-OCEAN POPULATION DYNAMICS AND FISHERY RESOURCES 

ABSTRACT CONSIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES. Dcvolop techniques of remote censing from cpaco 
to improve understanding of the fish population distribution 
dynamics and fishery production of tho oceans. Determine offocto 
of pollution on fish population dynamics. Develop models relating 
physical, biological, and ehomical parameters to overall produc- 
tivity. 

BACKGROUND. Predictions of ovorall fish production arc derivod 
from analytic models ot oesan population (food chain) dynamics, 
which uco estimates of primary organic production as inputs. These 
models are subject to site variations. Accurate measurements of 
sensible parameters, such os sea tomporoturo, heat flux, otc , will 
reduce modol uncertainties in tho development of improved 
dynamics models. 

RESEARCH DESCRIPTION. Correlate multispoctra! signatures of 
chlorophyll concentration, reflected solar radiation, suspended 
sediments, and pollutants with ground 111 data from cooperating 
ocoanographic research ships Map 10 paromotors over largo 
geographic regions of tho ocoans. 


SPACE FACILITY RESOURCES. Motile Comoro, multichannel infrared 
sconnor radiometer, multispcctrol rcoan color sensor, microwave rodiomo 
tor, ond recorders and display eqi.ipmont. 

CREW. Oceanography and hydrology skills, to prepare equipment, 
monitor operations, and coordinoto ground truth calibrations 

DATA. Film ond magnetic tapo (analog ond digital) Voico annotation of 
visual observations. 

OPERATIONS. Polar orbit inclination desired Sun anglo botwoon 30 ond 
60 degroes. Ono-yoar observation period. Limited onboard data analysis 

RESEARCH SEQUENCING. Daily observations Simultaneous overflight 
of ground truth sites with Instrumentod aircraft 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Onboard film procoss 
Ing, high-resolution censors, computer signature analysis, ond model 
simulation techniques 

RESEARCH COMMONALITIES. Supplements othor oceanographic 
research clusters in C-O-l ) series. 


RESEARCH CLUSTER 6 0-4-OCEAN CURRENTS AND TIDE FORECASTING 

ABSTRACT CONCIDERATIONS FOR IMPLEMENTATION 


OBJECTIVES, ’love lop remote sensing techniques from cpaco to 
Improve the determination of ooosurfaco height variations anrl 
improve global forecasts of ocean current structure, as an aid t.) 
transportation and othor ocean-surface activities 

BACKGROUND. Knowledge of global ocean currents is importa it 
in forecasting oceanic and atmospheric parameters Accyra'o 
measurements of ocean-surface slope, moan soa-surfaco height, 
surface winds, temperature, and salinity are needed In determining 
surface currents and subsurfaco current distribution Synoptic data 
of moan soa-surface height Is a prime candidate for acquisition from 
spacecraft. 

RESEARCH DESCRIPTION. Estimate sea surface moan height by 
correlating precision radar all i me tor toBt data with precise orbital 
data Reduco noise or signal fluctuations caused by wind, waves, and 
swell by using orror analysis Involving variations in tho altimeter 
return signal by gating and averaging. Ground truth data indudus 
sea surface temperature, roughness, gravity field, ocoan currents, 
and wind voloclty . 


SPACE FACILITY RESOURCES. Radar altimeter/scatteromotor, radar 
imogor, metric comora, and data collection syBtem supported by computer, 
recorders, ond display instruments 

CREW. Hydrology and oceanography skills, to proparo and oporate 
sensors, make visual observations, monitor surface data, and ossess results 

DATA. Magnetic tape Photogrophs of clouds and glittor patterns Critical 
inputs from hydrographic surface sensors Ground truth data include 
sou-surface tomporoturo, surface roughness, gravity field, ocoan currents, 
and wind voloclty. 

OPERATIONS. Polar orbit inclinations for global coverage Precision 
oltltudo determination (rolativo orror of • 3 cm desired) 

RESEARCH SEQUENCING. Dully observations over period of 1 year 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved instrument 
resolution ond computor software of analytical models. 

RESEARCH COMMONALITIES. Supplements other oceanographic 
research clusters In 6-0-1 ) sorios, 


RESEARCH CLUSTER 6-0-5-OCEAN PHYSICAL PROPERTIES 


ABSTRACT 

OBJECTIVES. Determine role of remote sensing from space in 
acquiring knowledge of physical and chemical properties ol the 
ocoans; in particular, tho density structure and its variations, wh'ch 
are basic to many physical and chemical characteristic, of the 
oceans 

BACKGROUND. Density variations in the ocoan aro fundamental 
factors in determining rolativo hoights of pressure surfaces and hence 
largo scale currents Density is determined by the temperature, 
pressure, and composition of sea water Composition is represented 
by salinity Temporal variations of density at a given point are duo 
lo salinity and temporaturo changes (rom turbulent mixing, advuc 
tion, and heating or cooling Several of those parameters can be 
observed remotely. 

RESEARCH DESCRIPTION. Determine whether salinity varia 
lions can bo remotely determined by polarimotric and radiometric 
techniques Buoys or ships provide truth data. Advanced activities 
involve multispoctrul and multisensor acquisition of data over 
controlled and extended areas. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES, Microwave scanner radiometer, radar 
imogor, metric camera, and data collection syptom with recording and 
display instruments. 

CREW. Hydrologist, to perform instrumentation correlation moasuro 
ments with ground truth sites, and to visually observo conditions 

DAI A. Magnetic tapo and photographic film. Voice annotation of cloud 
cover and sea state Data collection from surface sonsors. 

OPERATIONS. Orbit inclinations above 50 degrees. Comparative over 
flights by instrumented aircraft 

RESEARCH SEQUENCING. Coordinated sensing from buoys and aircraft 
to validate measurement techniques. Daily observations taken over 1 yoar 
period. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved computor 
model of oceanic physical and chemical properties 

RESEARCH COMMONALITIES. Supplements othor research in 6 0-1 I 
series. 
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CONSIDERATIONS POR IMPLEMENTATION 
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RESEARCH CLUSTER 0-0 7-OCEA«I SURFACE ACTIVITV FORECASTING 
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ABSTRACT 
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RESEARCH CLUSTER 6 M-2- 

ABSTRACT 


UHF SFERIGS DETECTION 

CONSIDERATIONS POR IMPLEMENTATION 


OBJEl‘ f f'66. Develop space bated remote censing techniques lor 
cbMjrumj ultr .nigh frequency (UMF) electromagnetic omissions 
from cumulus type clouds in tho atmoephero to provide global 
distribution data Those data are necessary to define distribution 
and intensity of thunderstorm activity in the atmoephero 

BACKGROUND. Information on cpaliul and temporal variations 
of thunderstorm activity has both basic research and applied values 
Among basic research problems are thoeo of determining O onor 0 | 
atmocphcric circulation and distribution ol contaminants, 3 inco it is 
believed that intense thunderstorms play a vital role in exchanges 
between the stratosphere and troposphere Applications include 
location of electrical discharges as an aid in forest managomont 
aircraft routing, radio communications, and tornado location 

RESEARCH DESCRIPTION. Measure UHF emissions in tho 
UlO MHz region from appropriate thunderstorm targets, using tho 
onboard sfones detector Simultaneous aircraft, ground, and meteor- 
ological satollito observations obtained for pootf light correlation and 
analysis. 


SPACE FACILITY RESOURCES. Slones detector, motrie camera and 
recording and display equipment 

CREW. Motoorology and engineering skills, to preparo and operate 
equipment, locato targets, and monitor operations 

DATA, Mognotic tape and film Visual observations annotated, along with 
spacecraft position, ultitudo, and attitude, to indox events and rate of 
occurrence. 

OPERATIONS. Medium to high orbit inclinations Calibration from 
cloud free regions ( 1 , 0 ., Southwestern US). 20 to 60 minute monitoring 
periods. ° 

RESEARCH SEQUENCING. Adaptive, bmed on seasonal storm activity 
since observations are transitory, Day and night operations, correlated with 
ground and airborne dato. Poatflight analysis 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Sensitive (• 3 db noise 
input) clones detector and associated signal analysis software 


RESEARCH COMMONALITIES. Supports othor motoorological research 
clusters in 6-M-l ) sorioo, and in D P-2. 


RESEARCH CLUSTER 6-M-3- ATMOSPH ERE DENSITY MEASUREMENTS BY STELLAR OCCULTATION 


ABSTRACT 

OBJECTIVES. Determine the feasibility of romotoly measuring tho 
density of tho Earth's atmoephero bv tho diffraction and scattering 
of electromagnetic waves, tiding dare ac tho source of radiation and 
consoro mounted on a space platform. 

BACKGROUND. Weather prediction models depend on a knowl- 
«fgo of tho initial flow and moo3 distribution of tho atmosphoro 
Vertical temperature and pressure profiloo can bo dorivod by radio 
condo data measuring of tho atmospheric density. Measurements 
from space can also be inforrod from stellar ray path refraction by 
tho otmasphore This special technique has been studied analyti- 
cally; tho noxt stop roquiroo orbital looting 

RESEARCH DESCRIPTION. Telescopically acquire stars slightly 
above tho horizon and on azimuths behind tho cpaco platform, and 
track accurately until oecultation at tho horizon occurs. Dotormlno 
refraction angle as a function of timo during oecultation. From this 
ray-path dato, deduce vertical atmospheric density profile at the 
tangent point in the lower stratosphere. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Star tracking toloscopoo with appropri 
ate scanning optics. 

CREW. Meteorology and engineering skills, to sot up and oporato optical 
tracker toloscopo during star acquisition and to calibrate electronics. 

DATA. Occultatiun and spacecraft ophomoris data tolomotered to ground 
data contor Visual observations annotuted during data run 

OPERATIONS. Orbit inclination of BOdogroos desired. Alptudo and 
ottitudo stability during data run, - 1 arc-sec Obtain five or six targots 

RESEARCH SEQUENCING. Simultaneous radiosonde data recorded 
along lire of sight during oecultation data run for cot-elation of donsitv 
predictions. v 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Improved star 
tracking telescope design. Atmospheric density mathomaticel model 

RESEARCH COMMONALITIES. Common to motoorological research 
cluotors in fl-M-l ) sorioo. 


RESEARCH CLUSTER 6-M-4- 

ABSTRACT 


■CLOUD PHYSICS EXPERIMENT IN A ZERO-GRAVITY ENVIRONMEN 


OBJECTIVES. Acquire data for advancing tho understanding of 
microphysical atmosphorie mechanisms and processes of cloud 
formation and precipitation to improvo woathor prediction capabil- 
ities and artificial weather modification and control 

BACKGROUND. Microphysics llos at tho very .foundation of cloud 
modeling. Tho ability to model cloud-growth dynamics is funda- 
mental to mososcale modeling of thunderstorms and squall-lino 
complexes. Laboratory simulations seek to provide insights into the 
microphysics, and theoretical studios contain assumptions that 
require validation. Ground experiments are unable to simulate cloud 
processes realistically, because tho gravity effoct (convection) limits 
observation timo. 

RESEARCH DESCRIPTION. Obsorvo wator dropiets and ice 
crystals suspended in onboard zoro-g cloud chombor. Monitor 
droplets under controlled changes in pressure, tomperaturo, 
dewpoint, aerosol population, oloctric field, ionization, and gaseous 
composition. Normal and microscopic observations by a trained 
invostigator include growth, chargo behavior, coalesconco mech- 
anism, evaporation, and condensation characteristics. 


CONSIDERATIONS FOR IMPLEMENTATION 

SEACE PAC,L,TV RESOURCES. Highly instrumented cloud chambor 
with wide rango of pressure, temperature, dewpoint, aerosol population 
oloctric field, Oic 

CREW. Meteorologist with cloud physics experience, to prepare chambor 
introduce controlled tost variables, and obsorvo and record results 

DATA. Time-lapsed photomicroscoplc records ol behavior of tho loud 
parameters C ° nt<m,B Mllano " c ,8 P° nnd «rip charts of environmental 

OPERATIONS. Maximum acceleration tolorance of 10 4 to 10 5 0 durum 
experiments. M " 

RESEARCH SEQUENCING. Adaptlvo, based on ground evaluation and 
analysis. 

faborere”™ 0 TECHN0L0GV DEVELOPMENTS. Zero-g cloud-physics 

RESEARCH COMMONALITIES. Similar instrumentation for 4-P/C-2 5 
•9, *10, and *11. ' * 


RESEARCH CLUSTER GM-6-BETECTI0N AND MONITORING OF ATMOSPHERIC POLLUTANTS 
ABSTRACT 


CIJEUTIVH. Develop space technlquei and instrumentation to 
dutect, identify, and measure pollutant concentrations In the atmos- 
phere. Specifically, acquire data on transport and diffusion prop. 
ert».»3 of the atmosphere and on the effect of pollutants on absorp> 
lion and scattering of solar radiation. 

■ACKQROUND. Influences of the weather and of diurnal and 
seasonal effects on large-scale patterns of pollution are not well 
known. For example, It Is not clear whether temperature is 
Increasing because of the "greenhouse effect" of COj pollution or 
decreasing because of the addition of aerosol pollution that reflects 
solar energy away from the Earth. 

RESEARCH DESCRIPTION. Using solar illumination, to scan 
(with two correlation spectrometers ord a common mirror device) 
the amount of SOj and NOj ove’ predeslgnated targets and test 
sites. As an independent determination, radiometrically measure 
atmosphere-scattered and surface-reflocted radiation at several wave- 
lengths in the UV and visible range. Correlate with ground and 
airborne sensors. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Scanning dual spectrometer, metric 
comera, UV radiometer, and associated recording and display equipment 

CREW. Meteorology and hydrology skills, to prepare and operate 
equipment, survey and select torgets, and coordinate with oircroft and 
ground sites. 

DATA, Magnetic tape, backed up by '‘biographic documentation. Voice 
annotation on selected targets observeu visually. Supporting data derived 
from ground measurements by point sampling and monitoring networks. 

OPERATIONS. Orbit inclination of 00 degrees desired. Sun onglo greater 
than 30 degrees. Mission adaptation to special situations dcslroblo, such as 
frequent overflights during high pollutant concentrations. 

RESEARCH SEQUENCING. Initial calibration over ground truth sites 
Daylight houi recording only, during all seasons. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Pollution signature 
analysis techniques. Spectrometer design. 

RESEARCH COMMONALITIES. Pollution resoarch in O-H-1 and 6-0-1. 


RESEARCH CLUSTER 6 M-6-METEOROLOGICAL STUDIES OF SPECIAL GEOGRAPHICAL AREAS 


ABSTRACT 

OBJECTIVES. Provide intensive observational meteorological 
support for the study of special geographic areas. Test the hypoth- 
esis that a manned space laboratory can have a significant role In 
correlation of weather data obtained from spaee with ground-based 
sensors. 

BACKGROUND. A remaining problem area In numerical weather 
prediction Is In defining general circulation cycles in the equatorial 
regions of the world. Lacking synoptic observational doto, o combin- 
ation of observing systems has been recommended to the Global 
Atmospheric Research Project (GARP) for world data collection. 
An extensive test area is planned for tropical Atlantic Ocean to 
model a composite system. 

RESEARCH DESCRIPTION. Use multisensor and multispectral 
radiometers and spectrometers to provido high-resolution measure- 
ments of atmospheric radiation originating at the lond-to-ocoon 
interface. Provide close coordination with ground activities by rool- 
time visual observations of the GARP target area. Corrolato with 
other doto from cloud photography and sferics measurements. 


CONSIDERATIONS FOR IMPLEMENTATION 

SPACE FACILITY RESOURCES. Metric camera, UMF sferics detector, 
infrared radiometers and spectrometers, and appropriate recording and 
data collection and display equipment. 

CREW. Hydrology and meteorology skills, to chcc>- out equipments, 
coordinate activities with surface stotions, and monitor doto results. 

DATA. Magnetic tape, film, and strip chart display of sensor data Doto 
collection from ground stotions, balloons, radiosondes, buoys, and aircraft 
in target ore a. 

OPERATIONS. Synchronous equatorial orbit, otherwise up to 30-degrco 
inclination at 100- to 300-nmi altitude. 

RESEARCH SEQUENCING. Adaptive to torgets of opportunity In GARP 
test aroa. Simultaneous sensor coverage by cooperating aircraft ond surfaco 
truth sites. 

SUPPORTING TECHNOLOGY DEVELOPMENTS. Tropical cloud system 
mathematical model. Improved sensor resolution. 

RESEARCH COMMONALITIES. Instrumentation similar to that of G-M-2 
ond 6-0-1, -2, and -3. 


